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^ec  eta  '    /  Professor  George  Gtibriel  Stokes, M. A.,  D.C.L.,  LL.D. 

l  Professor  Thomas  Henry  Huxley,  LL.D. 

Foreign  Secretary. — Alexander  William  Williamson,  Ph.D. 

Other  Members  of  the  Council. — Frederick  A.  Abel,  C.B.,  V.P.C.S. ; 
William  Bowman,  F.R.C.S. ;  William  Carmthers,  V.P.L.S. ;  Major- 
General  Henry  Clerk,  R.A. ;  William  Crookes,  V.P.C.S. ;  Sir  William 
Robert  Grove,  M.A. ;  Augustus  G.  Vernon  Harcourt,  F.C.S. ;  Sir 
Joseph  Dalton  Hooker,  C.B.,  K.C.S.I.,  D.C.L. ;  Admiral  Sir  Astley 
Cooper  Key,  K.C.B. ;  Lieut.- General  Sir  Henry  Lefroy,  C.B. ; 
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Simon,  C.B.,  D.C.L. ;  Professor  Allen  Thomson,  M.D.,  F.R.S.E. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  Rev.  Thomas  George  Bonney,  Dr.  John  Hughlings  Jackson, 
and  Mr.  Edward  Alfred  Schafer  were  admitted  into  the  Society. 

General  Boileau,  General  Clerk,  Mr.  J.  Evans,  Dr.  Gladstone,  and 
Mr.  Simon  having  been  nominated  by  the  President,  were  elected  by 
ballot  Auditors  of  the  Treasurer's  Accounts  on  the  part  of  the  S>oc;\et^. 
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The  following  Papers  were  read : — 

I.  "  On  a  method  of  using  the  Balance  with  great  delicacy, 
and  on  its  employment  to  determine  the  Mean  Density  of 
the  Earth."  By  J.  H.  POYNTiNG,  B.A.,  Fellow  of  Trinity 
College,  Cambridge,  Demonstrator  in  the  Physical  Labora- 
tory, Owens  College,  Manchester.  Cotnmunicated  by  Pro- 
fessor B.  Stewart,  F.R.S.    Received  June  21,  1878. 

[Plate  1.] 

In  the  ease  and  certainty  with  which  we  can  determine  by  the 
balance  a  relatively  small  difference  between  two  large  quantities,  it 
probably  excels  all  other  scientific  instruments. 

By  the  use  of  agate  knife  edges  and  planes,  even  ordinary  chemical 
balances  have  been  brought  to  such  perfection  that  they  will  indicate 
one-millionth  part  of  the  weight  in  either  pan,  while  the  best  bullion 
balances  are  still  more  accurate.  The  greatest  degree  of  accuracy 
which  has  yet  been  attained  was  probably  in  Professor  Miller's  weigh- 
ings for  the  construction  of  the  standard  pound,  and  its  comparison 
with  the  kilogramme,  in  which  he  found  that  the  probable  error  of  a 
single  comparison  of  two  kilogrammes,  by  Gauss's  method,  was 
i46o^flooo^h  part  of  a  kilogramme.*     (" Phil.  Trans.,"  1856.) 

But,  though  the  balance  is  peculiarly  well  fitted  to  detect  the 
relatively  small  differences  between  large  quantities,  it  has  not  hitherto 
been  considered  so  well  able  to  measure  absolutely  small  quantities 
as  the  torsion  balance.  The  latter,  for  instance,  was  used  in  the 
Cavendish  experiment,  when  the  force  measured  by  Cavendish  was 
the  attraction  of  a  large  lead  sphere  upon  a  smaller  sphere,  weighing 
about  l^lbs.,  the  force  only  amounting  to  -sinnnjznn^^h  part  of  this 
weight,  or  about  a  A6^h  part  of  a  grain. 

The  two  great  sources  of  error,  which  render  the  balance  inferior  to 
the  torsion  balance  in  the  measurement  of  small  forces,  are  : — 

1.  Greater  disturbing  effects  produced  by  change  of  temperature, 
such  as  convection  currents  and  an  unequal  expansion  of  the  two  arms 
of  the  balance. 

2.  The  errors  arising  from  the  raising  of  the  beam  on  the  support- 
ing frame  between  each  weighing,  consisting  of  varying  flexure  of  the 
beam  and  inconstancy  of  the  points  of  contact  of  the  knife  edges  and 
planes. 

The  disturbances  due  to  convection  currents  intei^ere  with  the 
torsion  balance  as  well  as  with  the  ordinary  balance,  though  they  are 

*  Eyen  so  far  back  as  1787,  Count  Bumford  used  a  balance  wliich  would  indicate 
one  in  a  million  an  A  measure  one  in  seven  hundred  thousand.  {"  Phil.  Trans.," 
1799.) 
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more  easily  guarded  against  witli  the  former,  by  reason  of  tlie  nature 
of  the  experiments  nsnally  performed  with  it.  They  might,  perhaps, 
as  has  been  suggested  by  Mr.  Crookes,  be  removed  from  both  by  using 
the  instruments  in  a  partial  vacuum,  in  which  the  pressure  is  lowered 
to  the  "  neutral  point,"  where  the  convection  currents  cease,  but  the 
radiometer  effects  have  not  yet  begun.  But  a  vacuum  balance 
requires  such  complicated  apparatus  to  work  it,  that  it  is  perhaps 
better  to  follow  the  course  which  Baily  adopted  in  the  Cavendish 
experiment.  He  sought  to  remove  the  disturbing  forces  as  much  as 
possible,  and  to  render  those  remaining  as  nearly  uniform  as  possible 
in  their  action  during  a  series  of  experiments,  so  that  they  might  be 
detected  and  eliminated.  For  this  purpose  the  instrument  was  placed 
in  a  darkened  draughtless  room,  and  was  protected  by  a  thick  wooden 
casing  gilded  on  it43  outer  sur^ce.  Most  of  the  heat  radiated  from 
the  surrounding  bodies  was  reflected  from  the  surface  of  the  case  by 
the  gilding.  The  heat  absorbed  only  slowly  penetrated  to  the  in- 
terior, and  was  so  gradual  in  its  action,  that,  for  a  considerable  time, 
the  effect  might  be  supposed  nearly  uniform.  Under  this  supposition 
it  was  then  eliminated  by  the  following  method  of  taking  the  observa- 
tions. The  resting  point  (that  is  the  central  position  of  equilibrium, 
about  which  the  oscillations  were  taking  place)  of  the  torsion  rod,  at  the 
ends  of  which  were  the  small  attracted  weights,  was  first  observed  when 
the  two  large  masses  pulled  it  in  one  direction.  The  masses  were  then 
moved  round  to  the  opposite  side,  when  they  pulled  the  rod  in  the 
opposite  direction  and  the  resting  point  was  again  observed.  The 
masses  were  then  replaced  in  their  original  position  and  the  resting 
point  was  observed  a  third  time.  These  three  observations  were  made 
at  equal  intervals  of  time  ;  if,  then,  the  disturbing  effect  was  uniform 
during  the  time,  the  mean  of  the  first  and  third  observations  gave 
what  the  resting  point  would  have  been,  had  the  rod  been  pulled  in 
that  one  direction  at  the  same  time  that  it  was  actually  observed  when 
pulled  in  the  opposite  direction.  The  difference  between  the  second 
resting  point  and  the  means  of  the  first  and  third  might,  therefore,  be 
considered  as  due  to  the  attractions  of  the  masses  alone. 

In  the  experiments  of  which  this  paper  contains  an  account,  I  have 
endeavoured  to  apply  this  method  of  introducing  time  as  an  element 
to  the  ordinary  balance.  But,  before  it  could  be  properly  applied, 
it  was  necessary  to  remove  the  errors  due  to  the  raising  of  the  beam 
between  successive  weighings,  as  they  could  not  be  considered  to  vary 
in  any  uniform  way  with  the  time.  I  think  I  have  effected  this  satis- 
factorily, by  doing  away  altogether  with  the  raising  of  the  beam  by 
the  supporting  frame,  between  the  weighings.  For  this  purpose  I 
have  introduced  a  clamp  underneath  one  of  the  pans,  which  the 
obfierver  can  bring  into  action  at  any  time,  to  fix  that  pan  in  whatever 
position  it  may  be.     The  weight  can  then  be  removed  from  tti^  ^^^^iSi^ 
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and  another,  whicli  is  to  be  compared  with  it,  can  be  inserted  in  its 
place  withoat  altering  the  relative  positions  of  the  planes  and  knife 
edges.  The  counterpoise  in  the  other  pan,  meanwhile,  keeps  the  beam 
in  the  same  state  of  flexm^.  The  pan  is  then  nnclamped  and  the  new 
position  about  which  it  oscillates  is  observed.  The  only  changes  are 
due  to  the  change  in  the  weight  and  the  effect  of  the  external  disturb- 
ing forces ;  the  latter  we  may  consider  as  proportional  to  the  time,  if 
sufficient  precautions  have  been  taken,  and  by  again  changing  the 
weights  and  again  observing  the  position  of  the  balance,  we  may 
eliminate  their  effects. 

Though  the  method  when  applied  to  the  balance  docs  not  yet  give 
such  good  results  as  Baily  obtained  from  the  torsion  balance — partly, 
I  believe,  because  I  have  not  yet  been  able  to  apply  all  his  precautions 
to  remove  external  disturbing  forces — it  still  gives  better  results  than 
would  have  been  obtained  without  it.  This  may  be  seen  by  the  numbers 
recorded  in  the  tables,  where  a  progressive  motion  of  the  resting  point 
may  be  noticed  in  most  cases,  in  the  same  direction,  during  a  series  of 
experiments.  Even  when  this  is  not  the  case,  the  method  at  once 
shows  when  the  disturbing  forces  are  irregular,  and  when  we  are 
justified  in  rejecting  an  observation  on  that  account. 

I  give  in  this  paper  two  applications  of  the  method,  one  to  the 
comparison  of  two  weights,  the  other  to  the  determination  of  the  mean 
density  of  the  earth.  The  latter  is  given  only  as  an  example  of  the 
method,  but  I  hope  shortly  to  continue  the  experiments  with  a  large 
ballion  balance,  for  the  construction  of  which  I  have  had  the  honour 
to  obtain  a  grant  from  the  Society.  The  balance  is  now  in  course  of 
construction,  by  Mr.  Oertling,  of  London. 

Description  of  the  Apparattis, 

The  balance  which  I  have  employed  is  one  of  Oertling's  chemical 
balances,  with  a  beam  of  nearly  16  inches,  and  fitted  with  agate  planes 
and  knife  edges.  It  will  weigh  up  to  a  little  more  than  1  lb.  To 
protect  it  from  sudden  changes  of  temperature,  the  glass  panes  of  the 
case  are  covered  with  flannel,  on  both  sides  of  which  is  pasted  gilt 
paper,  with  the  metallic  surface  outwards.  This  case  is  enclosed  in 
another  outer  case,  a  large  box  of  inch  deal,  lined  inside  and  out  with 
gilt  paper.  The  experiments  have  been  conducted  in  a  darkened 
cellar  under  the  chemical  laboratory  at  Owens  College,  which  was 
kindly  placed  at  my  disposal  by  Professor  Eoscoe.  As  the  ceilings 
and  floors  of  the  building  are  of  concrete,  any  movement  near  the 
room  causes  a  considerable  vibration  of  the  floor  and  walls.  It  was 
necessary,  therefore,  to  support  the  balance  independently  of  the  floor. 
For  this  purpose,  six  wooden  posts  (A,  B,  C,  D,  E,  F,  fig.  1)  were 
erected  resting  on  the  ground  underneath  and  passing  freely  through 
the  floor  to  a  height  of  6  feet  6  inches  above  it.   They  are  connected  at 
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the  top  by  a  frame  like  that  of  the  table,  and  stayed  against  each 
other  to  give  firmness.  The  wider  part  of  the  frame,  near  the  posts 
E  and  F,  is  boarded  over  to  form  a  table  for  the  telescope  (^  fig.  1) 
and  scale  («),  by  which  the  oscillatinns  of  the  balance  are  observed. 
The  box-  containing  the*  balance  rests  on  two  cross  pieces,  on  the 
narrower  part,  ABGD^  a£  the  frame,  with  the  beam  parallel  to  AD, 
and  its  right  end  towavde  the  telescope. 

In  order  to  observe  the  position  of  the  beam,  a  mirror,  1^  inches  by 
}  inch,  is  fixed  in  the  eentre  of  the  beam,  and  the  reflection  of  a 
vertical  scale  (s,  fig.  1)-  in-  this  ia  viewed  with  a  telescope  {t)  placed 
close  to  the  scale.  The  light  from  the-  scale  pOBflee  throagh  two  small 
windows  cnt  in  each  of  the  cases  of  the  balance  and  glazed  with 
plate  glass.  The  poaLtion  of  the  beam  ia  given,  by  the  division  of 
the  scale  npon  the  cross  line  on  the  eyepiece  of  the  telescope.  The 
scale,  which  was  photographed  on  glass,  and  reduced  from  a  large 
scale,  drawn  very  carefully,  has  50  divisions  to  the  inch.  These  are 
ruled  diagonally  with  ten  vertical  cross  lines.  It  is  possible  to  read, 
with  almost  certainty,  to  a  tenth  of  a  division,  or  -s^th  of  an  inch. 
Since  the  mirror  is  aboat  6  feet  from  the  scale,  a  tenth  of  a  division 
means  an  angular  deflection  of  the  beam  of  about  3".* 

The  scale  is  illuminated  from  behind  by  a  mirror  (w),  several  inches 
in  diameter,  which  reflects  through  it  a  parallel  beam  from  a  paraffin 
lamp  (Q.  A  plate  of  ground  glass  between  the  scale  and  mirror 
diffuses  the  light  evenly  over  the  scale  and,  by  altering  the  position  of 
the  mirror,  any  desired  degree  of  brilliancy  may  be  given  to  the 
illumination  of  the  scale.  A  screen  (not  shown  in  fig.  1)  prevents 
stray  light  from  striking  the  balance-case. 

This  method  of  reading — which,  of  course,  doubles  the  deflection — 
has  been  so  far  sufficiently  accurate  for  my  purpose ;  that  is  to  say, 
the  errors  arising  from  other  sources  are  far  greater  than  those  arising 
finom  imperfections  of  reading.  But  in  a  long  series  of  preliminary 
experiments  I  used  the  following  plan  to  multiply  the  deflection  still 
farther.  A  rather  smaller  fixed  mirror,  a&,  is  placed  opposite  to  and 
facing  the  beam-mirror,  AB,  fixed  on  the  beam,  and  a  few  inches  from 
it.  Suppose  the  beam-mirror  to  be  deflected  from  the  position  BL, 
parallel  to  a&,  through  an  angle,  0,  to  the  position  AB.  If  a  lay,  PQ, 
perpendicular  to  ah  strikes  AB  at  Q,  it  will  make  an  angle,  0,  with 
QM,  the  normal  at  Q,  and  will  be  reflected  along  QB,  making  an 
angle,  20,  with  its  original  direction,  and  therefore  with  the  normal 
RO,  at  R,  when  it  strikes  it.  If  it  be  reflected  again  to  AB  at  S,  it 
will  make  an  angle,  3d,  with  the  normal  SN,  and  the  reflected  ray, 
ST,  will  make  an  angle,  4d,  with  the  original  direction,  PQ,  of  the 
ray.     It  may  be  still  further  reflected  between  the  two  mirrors,  if 

*  The  namben  on  the  scale  run  from  below  upwards,  so  that  an  increase  in  the 
weight  in  the  right  hand  pati  is  indicated  bj  a  lower  number  ou  tho  »ca\e. 
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desirable,  each  reflection  at  the  mirror,  AB,  adding  20  to  the  deflection 
of  the  ray.     I  Lave,  for  instance,  employed  three  reflections  from  the 


beam-mirror,  so  mnltiplying  the  deflection  six  times.  In  thia  case, 
one  division  of  my  scale,  at  the  distance  at  which  it  was  placed  from 
the  beam,  corresponded  to  a  deflection  of  7"  in  the  beam,  and  this 
could  be  sobdivided  to  tenths  by  the  eye.  The  only  limit  to  the 
mnltiplication  arises  from  the  imperfection  of  the  mirrors  and  the 
decrease  in  the  illnmination  of  the  successive  reflections.* 

The  chair  of  the  observer  is  placed  on  a  raised  platform,  and  a  smnll 
table  rising  from  the  platlorm  and  free  froni  the  frame  on  which  the 
instrnments  rest,  is  between  the  observer  and  the  telescope.  On  this 
he  can  rest  his  note-book  during  an  experiment.  As  the  differences  of 
weight  observed  are  sometimes  exceedingly  minnte,  the  balance  is  made 
very  sensitive — usually  vibrating  in  periods  between  30"  and  t>0".  The 
valne  of  a  division  of  the  scale  cannot  be  determined  by  adding  known 
small  weights  to  one  pan,  ns  the  deflection  would  usually  be  tuo  great. 
Any  approach  of  the  observer  to  the  case  canses  great  disturbances,  so 
that  the  ordinary  method  of  moving  a  rider  an  observed  distance 
along  the  beam  is  inapplicable.  In  some  experiments  mude  last 
year  I  calculated  the  force  equivalent  to  the  small  differences  in 
weight,  in  absolute  measure,  by  observing  the  actual  angular  deflec- 
tion and  the  time  of  vibration.  With  a  knowledge  of  the  ntoment 
of  inertia  of  the  beam  and  treating  it  as  a  case  of  small  oscillations, 
it  was  possible  to  calculate  the  valae  of  the  scale.  Bat  the  observa- 
tions and  subsequent  calculations  were  so  complicated  that  the 
following  method  of  employing  riders  was  ultimately  adopted. 

A  small  bridge  about  an  inch  long  (flg.  II,  1)  is  fitted  on  to  the  beam. 
The  sides  of  the  bridge  are  prolonged  about  half  an  inch  above  the 

D  the  (eTeath  and  eighth  Kiriei  here  rec:>rd«].    Tiro 
re  employed,  giving  four  time*  the  aotuiJ  defleo- 
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arch  which  fits  on  to  the  beam,  as  shown  in  the  end  view  (fig.  II,  2).  In 
each  of  these  sides  are  eat  two  Y-shaped  notches  directly  opposite  to 
each  other,  one  of  the  opposite  pairs  being  6*654  millims.  (about  ^  inch) 
distant  from  the  other  pair.  Two  equal  riders  of  the  shape  shown  in 
fig.  U,  3,  are  placed  across  the  bridge,  and  are  of  such  a  size  that  they 
will  just  fit  into  the  bottom  of  the  notches.  When  one  of  these  rests 
across  the  bridge  the  other  is  raised  up  from  it.  The  loweiing  of  one 
rider  and  the  raising  of  the  other  corresponds  herefore  to  a  trans- 
ference of  a  single  rider  from  one  pair  of  notches  to  the  other.  The 
length  of  the  half  beam  being  202*716  millims.  and  the  distance 
between  the  notches  6*654  millims.,  this  transference  will  be  equivalent 
to  the  addition  to  one  pair  of  3*03284  of  the  weight  of  the  rider  used. 
As  I  have  generally  used  a  centigramme  rider  this  means  0*3284 
mgms. 

Two  levers  IV  (fig.  U,  4),  with  hooks  hh'  are  used  to  raise  one  rider 
while  the  other  is  lowered.  These  levers  are  worked  by  two  cams  cc 
on  a  rod  B,  which  is  prolonged  out  of  the  balance  case  to  the  observer. 
By  turning  this  rod  round,  the  one  lever  is  raised  while  the  other 
is  depressed.  The  hook  at  the  end  of  the  raised  lever  picks  up  its 
rider  while  the  other  hook  deposits  its  rider  on  the  bridge,  and  then 
sinks  down  between  the  raised  sides  (as  shown  in  fig.  II,  4),  leaving 
the  rider  resting  freely  on  the  bridge. 

The  levers  are  so  adjusted  that  the  beam  even  in  its  greatest  oscil- 
lations never  comes  in  contact  with  the  hooks. 

This  arrangement  might  probably  be  still  further  perfected  by  intro- 
ducing two  small  frames  for  the  riders  to  rest  upon,  the  frames  resting  on 
the  beam  by  knife  edges.  It  would  then  be  certain  that  the  movement 
of  the  riders  was  equivalent  to  a  transference  from  one  knife  edge  to 
the  other,  whereas  the  rider  at  present  may  not  rest  exactly  over  the 
centre  of  the  notch.  But  I  find  that  I  get  fairly  consistent  results  by 
lowering  the  rider  somewhat  suddenly  so  as  to  give  it  suificient 
impetus  to  go  to  the  bottom  of  the  notch,  and  have  not  therefore 
thought  it  necessary  as  yet  to  introduce  more  complicated  apparatus. 

In  place  of  the  right  hand  pan  of  the  usual  shape,  another  of  the 
shape  shown  in  fig.  Ill,  1,  is  employed.  To  the  centre  of  the  pan  un- 
derneath is  attached  a  vertical  brass  rod  which  passes  downwards 
through  the  bottom  of  the  inner  case  of  the  balance.  To  the  under 
side  of  this  case  is  attached  the  clamping  arrangement  before  referred 
to.  This  consists  of  two  sliding  pieces  (fig.  IV,  1,  m)  working  hori- 
zontally in  a  slot  cut  in  a  thick  brass  plate  which  is  fastened  to  the 
case.  Through  a  circular  aperture  in  this  plate  (the  slot  is  not  cut 
through  the  whole  thickness  of  the  plate,  but  only  as  shown  in 
fig.  IV,  2)  and  about  the  middle  of  the  slot  hangs  the  rod  r  attached  to 
the  scale  pan. 

By  maanB  of  right  and  left  handed  screw  on  a  rod  B,  which  is  pr<>- 
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longed  out  of  tlie  case  to  the  observer,  these  two  sliding  pieces  can  be 
made  to  approach,  and  clamp  the  rod,  or  to  recede  and  free  it.  By 
having  the  opposite  surfaces  of  the  sliding  pieces  and  the  rod  polished 
and  clean,  it  is  possible  to  clamp  and  unclamp  without  producing  any 
disturbance.  The  clamp  is  of  great  use  also  to  lessen  the  vibrations  when 
they  are  too  large,  as  it  may  be  brought  into  action  at  any  moment,  and 
on  releasing  carefully  the  beam  will  start  again  from  rest  without  any 
impetus.  It  may  be  used  ioo  to  increase  the  vibrations  by  releasing 
suddenly  when  the  beam  will  have  a  slight  impetus  in  one  directioil 
or  the  other. 

The  weights  which  I  have  compared  are  two  brass  poands  avoirdu- 
pois, made  for  me  by  Mr.  Oertling,  and  marked  A  and  B  respectively. 
They  are  of  the  usual  cylindrical  shape  with  a  knob  at  the  top 
(fig.  Ill,  2).  Two  small  brass  pans  (fig.  Ill,  3)  with  a  wire  arch  by  which 
they  can  be  suspended,  are  used  to  carry  them;  these  are  called 
respectively  X  and  Y.  I  found  on  beginning  to  use  them  that  there  was 
too  great  a  difference  between  A  and  B.  I  therefore  adjasted  them 
by  putting  a  veiy  small  piece  of  wax  upon  A,  the  lighter.  But  the 
difference  between  them  increased  by  0'0782  mgm.  in  two  days,  which 
I  thought  was  probably  due  to  the  wax.  After  the  fourth  series  I 
therefore  removed  it  and  scraped  B  till  it  was  more  nearly  equal  to  A. 
The  weighings  I — IV  have,  however,  been  retained,  for  though  the 
differences  on  different  days  vary  they  are  fairly  constant  on  the  same 
day. 

The  weights  are  changed  by  the  following  apparatus  which  has  been 
designed  to  effect  the  change  as  simply  and  quickly  as  possible. 

A  horizontal  "  side  rod  "  or  link  (m,  fig.  V)  is  worked  by  two 
cranks  (cc,  fig.  Y,  2),  which  are  attached  to  the  axles  of  two  equal 
toothed  wheels  (it)  with  a  pinion  (j^)  connecting  them.  A  second 
pinion  (q),  on  a  rod  prolonged  out  of  the  case  to  the  observer,  gears 
with  one  of  the  toothed  wheels.  By  turning  this  rod  the  toothed 
wheels  are  set  in  motion,  both  in  the  same  direction,  moving  the 
horizontal  "  side  rod  "  from  the  right  say  upwards  and  over  to  the 
left.  A  pin  (pn)  stops  its  motion  downwards  further  than  is  shown 
in  fig.  V,  1.  Near  each  end  of  the  rod  is  cut  a  notch,  and  across  these 
are  hang  the  pans  carrying  the  weights.  The  apparatus  is  fastened  to 
the  fioor  of  the  case  between  the  central  upright  supporting  the  beam 
and  the  scale  pan,  the  side  rod  being  perpendicular  to  the  direction  of 
the  beam,  and  exactly  over  the  centre  of  the  pan.  In  fig.  V,  1,  one  of 
the  weights  B  is  supposed  to  be  resting  on  the  scale  pan  (the  wires 
suspending  the  pan  from  the  beam  not  being  shown),  the  side  rod 
having  moved  down  so  far  below  the  wire  of  the  smaller  pan  carrying 
the  weight  that  it  leaves  it  quite  free.  If,  now,  it  is  desired  to  change 
the  weights  the  rod  R  is  tamed,  setting  the  wheels  in  motion,  the  side 
rod  moves  up,  picks  up  B — the  notch  catching  the  wire — then  travels 
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orer  round  to  the  extreme  right,  when  A  will  he  just  oyer  and  nearly 
ionching  the  scale  pan.  By  continning  the  motion  slightly  A  will  be 
gently  deposited  on  the  pan,  and  the  side  rod  will  move  slightly  down 
leaving  the  weight  quite  free.  On  the  scale  pan  are  four  pins,  tnmed 
slightly  outwards,  acting  as  guides  for  the  small  pan,  and  ensuring 
that  it  shall  always  come  into  the  same  position.  The  wheels  and 
pinions  are  of  snch  a  size  that  two  revolutions  of  the  rod  just  suffice 
to  change  one  weight  for  the  other. 

It  will  be  seen  that  all  the  manipulation  required  from  the  observer 
during  a  series  of  weighings  is  the  simple  turning  of  three  rods,  which 
are  prolonged  out  of  the  balance  case  to  where  he  is  stationed  at  the 
telescope.  By  turning  one  of  these  he  can  change  the  position  of  the 
rider  on  the  beam  by  a  known  amount,  and  so  find  the  value  of  his 
scale.  By  turning  a  second  he  clamps  the  scale  pan,  and  so  steadies 
the  balance  while  the  weights  are  changed  by  turning  a  third  rod.  I 
have  made  this  arrangement  not  only  because  it  seems  as  simple  as 
possible  to  secure  the  end  required,  but  also  because  it  seemed  more 
applicable  to  a  vacuum  balance  (with  which  I  hope  ultimately  to  test 
it). 

I  take  this  opportunity  of  expressing  my  thanks  to  Mr.  Thomas 
Foster,  mechanician  of  Owens  College,  for  his  aid  in  the  construction 
of  the  apparatus,  and  in  the  planning  of  many  of  its  details. 

Method  of  conducting  a  Series  of  Weighings, 

After  the  counterpoise  has  been  adjusted  so  that  the  beam  swings 
nearly  about  its  horizontal  position,  the  frame  is  lowered  so  that  the 
balance  is  ready  for  use.  The  pan  is  then  clamped  and  the  balance  is 
left  to  come  to  a  nearly  permanent  state  of  flexure  if  possible,  some- 
times for  the  night  or  even  longer.  The  lamp  is  lighted  usually  half- 
an-hour  or  more  before  beginning  to  observe,  so  that  its  effect  on  the 
balance  may  attain  a  more  or  less  steady  state.  It  is  necessary  also 
to  wait  some  time  after  coming  into  the  room,  for  the  opening  of  the 
door  will  always  cause  a  considerable  and  immediate  deflection  of  the 
beam.  When  a  sufficient  time  has  elapsed,  the  observations  are  com- 
menced with  a  determination  of  the  value  of  one  scale  division  by 
means  of  the  riders.  The  three  extremities  of  two  successive  oscilla- 
tions are  observed  with  one  of  the  riders  resting  on  the  beam.  These 
are  then  combined  as  follows : — The  mean  of  the  first  and  third  is 
taken,  and  the  mean  again  of  this  and  the  second,  this  constituting  the 
"  resting  point,"  that  is,  the  position  of  equilibrium  of  the  beam  at  the 
middle  of  the  time.  For  instance,  in  weighing  No.  I  (see  tables  at  the 
end)  the  three  extremities  of  successive  oscillations  were  280*5,  312*0, 
and  286*0  (column  2).     The  resting  point  was  taken  as — 

280-5+2860-f  2  x  312-0_ggy,go 
4 
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the  rider  on  the  beam  being  the  right  hand  one  denoted  by  B, 
oolumn  1.  The  balance  is  the  clamped,  and  the  other  rider  is  bronght 
on  to  the  beam  while  the  first  is  taken  up.  The  resting  point  is  again 
observed.  In  No.  I  it  was  270*05.  The  balance  is  again  clamped, 
and  the  first  rider  again  bronght  on  the  beam,  and  in  unclamping  the 
resting  point  again  observed.  In  the  same  weighing  it  was  296' 75. 
These  three  are  sufficient  to  give  one  determination  of  the  deflection 
due  to  the  transference  of  a  rider.  This  will  be  the  difference  between 
the  second  resting  point  and  the  mean  of  the  first  and  third.     For 

instance,  ^^^'^^^"^^^^'^^-29718=27-13  divisions.     This  number  is 

2 

found  in  the  fifth  column. 

This  process  is  continued,  the  resting  points  being  combined  in  threes 
till  several  values  of  the  deflection  due  to  the  rider  have  been  obtained, 
and  the  mean  of  these  is  taken  as  the  true  value.  This  plan  of  com- 
bining the  resting  points  requires  that  the  observations  should  be 
taken  at  nearly  equal  intervals.  After  a  little  practice  it  will  always 
take  the  observer  about  the  same  time  to  go  through  the  same  opera- 
tions of  clamping,  changing  the  riders,  unclamping,  clamping  again  to 
lessen  the  vibrations  about  the  new  resting  point,  and  then  beginning 
to  observe,  and  I  have  considered  that  this  was  a  sufficiently  correct 
method  of  timing  the  observations. 

When  a  series  has  been  taken  it  will  at  once  be  seen  whether  they 
were  begun  too  soon  after  entering  the  room,  or  whether  any  irregular 
disturbing  force  has  acted.  For  instance,  in  weighing  No.  II,  determi- 
nation of  one  scale  division,  the  first  resting  point  is  so  much  lower 
than  the  succeeding  with  the  same  rider  that  evidently  the  balance  was 
still  affected  by  my  entrance  into  the  room.  It  was,  therefore,  rejected. 
Again,  in  weighing  No.  Ill  determination  of  the  difference  between  the 
weights,  the  fourth  resting  point  was  much  lower  than  the  others  with 
the  same  weight  in  the  pan.  The  resting  points,  when  the  other 
weight  was  in  the  pan,  showed  no  similar  sudden  drop  of  such  magni- 
tude. This  observation  was,  therefore,  rejected  as  being  affected  by 
some  irregular  disturbance. 

When  the  value  of  the  deflection  is  determined,  the  value  of  one 
scale  division  is  at  once  found  by  dividing  '3282  mgm.  by  the  number 
of  divisions  of  the  deflection,  since  the  charge  of  the  sides  is 
equivalent  to  the  addition  of  *3282  mgm.  to  one  pan. 

The  determination  of  the  difference  between  the  weights  is  then 
begun.  This  is  carried  on  in  a  precisely  similar  manner,  the  only 
difference  being,  that  the  rod  changing  the  weights  is  now  turned 
round  in  place  of  the  rod  changing  the  riders.  I  have  usually  taken  a 
g^reater  number  of  observations  of  the  difference  between  the  weights 
tlian  of  the  deflection  due  to  the  riders,  as  the  former  is  somewhat 
more  irregular  than  the  latter.     This  irregularity  I  believe  to  arise 
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from  slight  differences  of  temperature  of  the  two  weights,  and  perhaps 
from  air  cnrrents  caused  bj  their  motion  inside  the  case.  They  do 
not  seem  to  be  due  to  any  fault  in  the  clamping  arrangement,  since 
that  is  employed  equally  in  both,  and  the  changing  of  the  weights,  if 
effected  gently,  does  not  move  the  beam  at  all. 

When  the  deflection  has  been  determined,  it  is  multiplied  by  the 
number  of  milligrammes  corresponding  to  one  scale  division,  and  this, 
of  course,  gives  the  difference  between  the  weights.  I  have  inter- 
changed the  weights  in  the  two  pans  X  and  Y,  between  the  series  of 
weighings,  in  order  to  make  the  experiments  like  those  conducted  in 
the  weighings  for  the  standard  pound.  But  my  object  has  not  been 
to  show  at  all  that  the  method  gives  consistent  results  day  after  day, 
and,  in  fact,  the  difference  between  the  weights  has  varied.  For 
instance,  according  to  weighings  I  and  II,  A— B  =  '0446,  while, 
according  to  weighings  III  and  IV,  A— B  =  0232.  There  is  a 
greater  difference  between  these  than  can  be  accounted  for  by  errors 
of  experiment,  and  it  probably  arose  from  the  small  piece  of  wax  with 
which  I  made  A  nearly  equal  to  B.  The  difference  between  the 
weights  when  measured  to  such  a  degree  of  accuracy  as  that  which  I 
have  attempted,  will,  no  doubt,  vary  from  time  to  time,  partly  with 
deposits  of  dust,  partly  with  changes  in  the  moisture  in  the  atmo- 
sphere, and  so  on. 

But  I  think  the  numbers  which  are  given  in  the  tables  are  sufficient 
to  show  that  the  difference  between  two  weights  in  any  one  series  of 
weighings  can  be  measured  with  a  greater  degree  of  accuracy  than 
has  hitherto  been  supposed  possible.  I  give  in  the  tables  a  full 
account  of  the  weighings,  each  series  containing  a  determination  of 
the  value  of  one  scale  division  and  a  determination  of  the  difference 
between  the  weights.  The  greatest  deviation  of  any  one  of  a  series 
from  the  mean  of  that  series  of  differences  is  always  given.  This 
I  consider .  a  better  test  of  accuracy  of  weighing  than  the  probable 
error.  What  is  wanted  in  weighing  is  rather  a  method  which  will 
give  at  once  a  good  determination  of  the  difference  between  two 
weights.  But  I  may  state,  that  if  the  error  of  any  one  of  a  series  be 
taken  as  its  difference  from  the  mean  of  that  series,  the  probable  error 
of  a  single  determination  of  the  difference  between  the  weights  in 
the  first  four  series  is  '4344  of  a  division,  or  '0064  mgm.,  that  is, 
»46Joooo*^  ^^  *^®  total  weight,  while  the  greatest  error  is  1*8 
divisions,  or  '0224  mgm.,  that  is  to6o^660o^^  o^  ^^®  UiieX  weight.  It 
may  be  remarked  that  these  weighings  were  all  made  daring  peculiarly 
unfavourable  weather  when  there  were  frequent  heavy  showers, 
causing  sudden  changes  of  temperature,  and  thus  seriously  affecting 
the  working  of  the  balance.  In  the  series  V — ^YIII  the  greatest  error 
is  only  i<K>(foooi»  ^^  ^®  ^^  weight,  the  weather  having  improved 
ocBisiderfthly. 
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On  the  Employment  of  the  Balance  to  determine  the  Mean  Density  of  the 

Earth, 

In  the  Cavendish  experiment,  the  attraction  of  a  large  sphere  of 
lead  of  known  mass  and  dimensions  upon  another  smaller  sphere  also 
of  known  mass  and  dimensions,  is  measured  when  the  two  are  an 
observed  distance  apart.  Comparing  this  attraction  with  the  weight 
of  the  small  sphere — that  is  the  attraction  of  the  earth  npon  it — and 
knowing  the  dimensions  of  the  earth,  we  can  dednce  the  mass  of  the 
earth  in  terms  of  the  mass  of  the  large  lead  sphere,  and  so  obtain  its 
mean  density.  The  torsion  balance,  which  was  invented  for  the  pur- 
pose by  Mitchell,  the  original  contriver  of  the  experiment,  has  hitherto 
been  used  to  determine  the  force  exerted  by  the  mass  upon  the  small 
sphere.  In  the  arrangement  here  described,  I  have  replaced  the 
torsion  balance  by  the  ordinary  balance,  and  have  so  been  able  to 
compare  the  attraction  of  a  lead  sphere  with  that  of  the  earth  upon 
the  same  mass  somewhat  more  directly.  The  results  which  I  have 
obtained  have  no  value  in  themselves,  but  they  serve  as  an  example  of 
the  employment  of  the  balance  for  more  delicate  work  than  any  which 
it  has  as  yet  been  supposed  able  to  perform. 

The  method  is  shortly  this  : — ^A  lead  weight  (called  "  the  weight ") 
weighing  452*92  grms.  (nearly  1  lb.)  hangs  down  by  a  fine  wire  from 
one  arm  of  a  balance,  from  which  the  pan  has  been  removed  at  a 
distance  of  about  six  ieei  below  it,  and  is  accurately  counterpoised  in 
the  other  pan,  suspended  from  the  other  arm.  A  large  lead  mass 
(caUed  "  the  mass ")  weighing  154,220-6  grms.  (340  lbs.)  is  then 
introduced  directly  under  the  hanging  weight.  The  attraction  of  this 
mass  increases  the  weight  slightly  and  the  beam  is  deflected  through 
an  angle  which  is  observed.  The  value  of  this  deflection  in  milli- 
gprammes  is  measured  by  the  employment  of  riders  in  the  manner 
described  above,  and  so  the  attraction  of  the  mass  is  known.  The 
increase  of  the  weight  caused  by  the  mass  has  been  in  my  experiments 
about  -01  of  a  milligramme,  or  4^^00^0000^^  of  the  whole  weight. 

The  balance  which  I  have  used  is  that  which  I  have  described 
above.  It  was  placed  in  the  same  room  and  in  the  same  position  as  in 
the  weighing  experiments.  The  same  method  was  used  to  observe  the 
oscillations  with  a  single  mirror  on  the  beam.  The  scale  was  a  simple 
one  etched  on  glass  and  not  diagonally  ruled.  It  had  about  50 
divisions  to  the  inch,  and  the  numbers  increased  from  above  down- 
wards, so  that  an  increase  in  the  weight  hanging  from  the  left  arm 
was  indicated  by  a  lower  number  on  the  scale. 

The  weight  which  is  suspended  by  a  very  fine  brass  wire  from  the  left 
arm,  passing  through  a  hole  in  the  bottom  of  the  balance  oase,  hangs 
in  a  double  tin  tube,  4  inches  in  diameter,  to  protect  it  from  air 
currents.     At  the  botttom  of  the  tube  is  a  window,  through  which  can 
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be  seen  the  bottom  of  the  weight  as  it  hangs.  The  weight  is  4*248 
oentims.  in  diameter  and  is  gilded.  The  mass  is  a  sphere  of  an  alloy 
of  lead  and  antimony.  It  was  oast  with  a  "  head "  on  and  then 
accnrately  tamed.  Its  vertical  diameter  is  30*477  oentims.  (about 
1  foot).  •  The  specific  gravity  of  a  specimen  of  the  metal  was  fonnd 
to  be  10*422.  Its  weight  given  by  a  weighing  machine  is  340  lbs. 
abont,  and  this  agrees  very  nearly  with  the  weight  calculated  from  the 
specific  gravity.  I  am  obliged  to  accept  this  as  the  true  weight  pro. 
visionally,  until  it  is  found  more  correctly  by  the  large  balance  referred 
to  above  and  now  being  constructed.  * 

This  mass  (fig.  I,  M)  is  placed  in  a  shallow  wood  cup  at  one  end  of  a 
2-inch  plank,  8  inches  wide  and  6  feet  11  inches  long,  mounted  on  four 
fiianged  brass  wheels,  and  serving  as  a  carriage  for  it  (fig.  I).  A 
plank  about  12  feet  long  nailed  to  the  floor  in  a  direction  perpendicular 
to  the  beam  of  the  balance,  as  shown  in  fig.  I,  pp,  acts  as  a  railway  for 
the  carriage,  and  a  firm  stop  at  each  end  prevents  the  carriage  from 
running  o£E  the  rail.  The  distance  between  the  stops  is  rather  less  than 
twice  the  length  of  the  carriage,  and  the  weights  hangs  down  from  the 
balance  exactly  midway  between  tiie  stops.  The  mass  is  placed  on  the 
carnage  so  that  it  is  ecEactly  nnder  the  weight  when  the  carriage  is  at 
one  end  of  ite  excnnion  against  one  of  the  stops.  An  empty  cup 
(c,  fig.  1)  of  the  same  dimensions  as  that  in  which  the  mass  rests  is 
placed  at  the  other  end  of  the  carriage,  and  is  jnst  under  the  weight 
when  the  oaniage  is  against  the  other  stop.  By  tiiis  arrangement  no 
correction  is  needed  for  the  attraction  of  the  carriage  upon  the  weight 
or  counterpoise,  and  the  effect  oaosed  by  the  removal  of  the  carriage 
from  one  end  of  its  ezcnrsion  to  the  other  is  entirely  due  to  the  differ. 
ence  of  attractions  of  the  mass  npon  the  weight  and  counterpoise  in 
its  two  positions.  The  position  of  the  mass  when  directly  under  the 
weight  is  called  its  "  in  position,"  and  that  when  it  is  at  the  other  end 
of  its  excursion  is  called  the  "  out  position."  The  length  of  the  excur- 
sion is  5  feet  7*3  inches. 

To  draw  the  carriage  along  the  rail  a  vertical  iron  shaft  with  a  wood 
cylinder  at  the  lower  end  pivots  on  the  floor,  and  is  prolonged  up  to 
the  level  of  the  observer  as  he  sits  at  the  telescope  with  a  handle  by 
which  he  can  turn  it.  The  two  ends  of  a  rope  which  winds  round  the 
cylinder  pass  through  pulleys  on  the  stops,  and  are  attached  to  the 
ends  of  the  carriage.  The  observer  can  then  move  the  mass  with 
great  ease  by  turning  the  handle,  even  while  looking  through  the  tele- 
scope. 

When  a  series  of  observations  is  made,  the  general  method  is  this. 
The  deflection  (r)  due  to  the  transference  of  a  rider  from  one  notch  to 
the  other  on  fhe  beam  is  first  observed  exactly  in  the  manner  before 
described,  the  mean  of  four  or  five  values  being  taken  as  the  true 
value.     Then  the  deflection  (n)  due  to  the  diflbrence  of  attractLon  oi 
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tbe  maas  in  iU  two  poaitiona  is  fonnd  in  exactly  the  manner  in  which 
the  difference  between  two  weights  is  found,  except  that  now  when  three 
socceBsive  extremities  of  oscUlatioas  have  been  observed  for  a  resting 
paint  the  mass  is  moved  from  one  position  to  the  other  where  the  weights 
were  changed  in  the  former  experiments,  tbe  clamp  not  being  brought 
into  action.  The  second  extremity  of  the  oscilhition  which  is  proceed- 
ing while  the  mass  is  moved,  is  observed  as  the  first  of  the  next  three. 
When  nine  or  more  resting  points  have  been  observed  they  are  com- 
bined  in  threes,  and  the  mean  of  the  resulting  values  of  the  deflection 
n  is  used  in  the  anbseqnent  calculation. 

This  deflection  is,  of  course,  less  than  that  which  wonid  be  observed 
were  there  no  Attraction  on  the  counterpoise,  and  were  the  out  position 
of  the  mass  at  an  infinite  distance.  To  find  the  factor /by  which  the 
deflection  »  due  to  the  change  of  position  of  the  mass  mnst  be  mnlti- 
ptied  in  order  to  rednce  it  to  the  defiection  which  would  be  observed 
under  these  conditions,  let  AB  be  equal   and   parallel   to  tlie   beam 


of  the  balance  at  the  level  of  the  counterpoise  of  which  B  is  the 
centre.  Let  C  be  the  centre  of  the  weight,  D  that  of  the  mass  in  its 
in  position,  E  that  of  the  maas  in  its  out  position.  Draw  BF,  DF, 
parallel  to  AD,  AB.     Let  /i  =  the  mass. 

The  vertical  attraction  of  the  mass  in  its  in  position  will  be— 
H    _yBF 
CD"     BI?" 
The  vertical  attraction  in  its  out  position  will  be — 
yCD/iBF 
CE'     BE>' 
The  difference  between  these  is  actually  observed,  viz. : 
CD'BF    CD'    CD'BFl 


^/l-C 
CDU 


1878.]  ming  the  Balance  with  great  delicacy y  ^"c.  15 

The  factor  by  which  we  must  multiply  the  obRerved  difference  to 
reduce  it  to  the  attraction  of  the  miiss  on  the  weight  in  its  in  position 
IB  therefore — 

.    .     CiyBF    CD'_CD«BF 
•'  BIP       CE»       BE? 

=     1-0185 
since  CD=  22*13  centimetres. 
BD=19203 
BF=  187-70 
CE= 172-36 
BE=25709 

The  values  of  r  and  n  being  observed,  the  distance  between  the  centres 
of  the  mass  and  weight  d  is  then  measured  by  adding  17*362  centims. 
to  the  sum  of  their  radii,  the  distance  from  the  top  of  the  mass  to  the 
bottom  of  the  weight  as  measured  by  a  cathetometer. 

It  now  remains  to  explain  the  calculation  of  the  mean  density  A 
from  the  observed  values  of  r,  n,  and  d.    We  have — 

/x  increase  in  weight  observed Attraction  of  mass  on  weight  when  "in" 

Weight  of  weight  Attraction  of  earth  on  weight 

But  the  increase  in  weight  is ______  mgms.,  since  the  distance  be- 

^         rx  202716 

tween  the  notches  is  6*654  millims.,  and  the  half  beam  202*716  millims. 

The  weight  of  the  weight  is  453*92  grammes. 

The  attraction  of  the  mass  in  centimetres 

Volume  X  densitr 
(distance  between  centres  of  mass  and  weight  r)^' 

Weight  in  grammes 

'dp  ' 

_154220*6 

The  attraction  of  the  earth  is 

A  X  l^rR  1 1  -hM- 1 (M-c)  j  co8»  X, 

where  A = mean  density  of  the  earth, 

R= earth's  polar  radius  in  centimetres, 
i^_  centrifugal  force  at  the  equator 
Equatorial  gravity 
c^ellipticity. 
X= latitude. 

The  logarithm  of  the  coefficient  of  A  when  R  is  in  inches  is  9*0209985 
("Astronomical  Soc.  Mem.,"  xiv,  p.  118),  or  if  R  is  in  centimetres  it 
is  9-4258322. 
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Inserting  these  valnes  in  equation  A  we  obtain 

154220-6 


d^ U 

"|^r|i+M-(|m-€WJx    fy.VL 


453290 
n    6654 


202716 


where  C= 


.•.A=CxJL 

15220-6x453290x202716 
^itbI  1 + M-|m^Jcos'  X  x/x  6654 


and  log  0=1-8951337, 
.•.logA=l-8951337, 
+  logr, 
—log  n, 
-2  log  d. 

The  following  table  is  an  account  of  an  experiment  made  on  May  SOth, 
1878,  and  will  serve  as  a  specimen  of  the  method  of  making  the  observa- 
tions. It  is  the  best  which  I  have  yet  made  in  the  closeness  with  which 
all  the  valnes  of  n  agree  with  each  other. 

VII.— May  30,  1878.— Determination  of  r. 


Kidcr  on 
beam. 

Extremities  of 
oscillations. 

• 

Resting 
point. 

Moan  of  pre- 
ceding and 
succeeding 

resting  points. 

Of  r  differences 

E 

260-9 

250-9 
260-6 

255  -82 

L 

• 

214-6 

205  0 
212-3 

2u9  -22 

256 -74 

47-52 

E 

271-9 

246-7 
269-4 

257  07 

210-31 

47-36 

L 

214  3 

209-2 
212-9 

211-40 

257-62 

46-22 

R 

249-7 

263-8 
253-0 

257-57 

212 -23 

45-34 

L 

204  -9 

220-7 
206-0 

213 -Ofr 

Mean  r=:4t>-61. 


1878.] 


wing  the  Balance  with  great  delicacy,  ^-c. 
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Determination  of  n. 


Position 
of  mass. 

* 

Extremities  of 
oscillations. 

Besting 
point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences 

In 

216-8 

208-1 
215-9 

212-22 

Out 

210-9 

216-1 
211  0 

213  -52 

212-27 

1-25 

In 

213-9 

210-8 
213-8 

212 -32 

213 -61 

1-29 

Out 

212-7 

214-6 
212-9 

213  -70 

212  -41 

1-29 

In 

211-5 

213-6 
211-3 

212  -60 

213 -78 

1-28 

Out 
In 

215-9 

211-8 
216-0 

213 -87 

212-60 

1-27 

210-2 

215  0 
210-6 

212-70 

213-93 

1-23 

Out 

216-7 

211-6 
216  1 

214-00 

212  -73 

1-27 

In 

209-9 

218-4 
210-4 

212  '77 

214-08 

1-31 

Out 

217  0 

211-4 
216-9 

214-17 

212  -98 

1 

1-19 

In 

209-8 

216-2 
210-6 

213  -20 

.-.  mean  n=l'26. 


TOL.  XXTin. 
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At  the  close  of  the  experiment  d  was  found  to  be  22*216  centimetreB. 
We  have  therefore — 


log  A=log  C. 

+ log  46-61. 

—log  1-26. 

-2  log  22- 16. 

=1-8951337. 

+  1-6684791. 

-0-1003705. 

-2-6937226. 

=  •7695197. 
.-.A  =5-882. 


I  have  made  in  all  11  experiments  with  this  method.     The  resnlting 
values  of  A  are — 


1 May  20 5-393. 

2 „    23 5-570. 

3 „    24 4-415. 

4 ,    28 7-172. 

5 „    29 5-109. 

6 „    29 6-075. 

7 „    30 5-882. 

8 „    30 6-336. 

9   Jane   5 5-977. 

10  „      5 5-580. 

11 „      6  5-100. 


The  resnlting  mean  valae  of  the  mean  density  of  the  earth  is  5-69. 

If  the  eleven  determinations  be  supposed  to  have  equal  weight,  tho 
probable  error  of  their  value  is  0*15. 

The  various  determinations  differ  very  much  among  themselves,  butr 
they  seem  to  me  sufficiently  close  to  justify  the  hope  that  with  a  large 
balance  and  a  large  weight,  which  will  not  be  so  easily  affected  by  air 
cun-ents,  and  with  greater  precautions  to  prevent  those  air  currents,  » 
good  determination  of  the  mean  density  of  the  earth  may  ultimately^ 
l)c  obtained  by  this  method. 


1878.]  unnff  the  Balance  with  great  delieacy,  ifc. 


L — Jane  12. — Det«niuiiation  of  Yalne  of  1  Scale  Division. 


Bidwon 
the  beam. 

Ertwmiticof 

BntiDg  pmnt. 

Mmiii  of  pre- 
ctding  and 

Mting  poiDta. 

Diffwenw., 
•.«.,  deflec- 
tion due  to 
■8282  Digm. 

>           L 

B80-6 

siao 

286  0 

297-62 

B 

258  1 

264 '9 
267 -a 

270-06 

297 -18 

27-18 

L 

306-2 

288  5 
803-8 

296-75 

268-68 

28-07 

K 

256-8 

276-0 
260-5 

267-32 

294 -SI. 

27-49 

1 

1       L 

285-8 

296-7 
238-3 

292-87 

266-79 

26 -oe 

B 

272-9 

260-6 
271-0 

266-27 

292-88 

26-61 

L 

[ 

296-1 

290  0 
295-5 

292-90 

Mean  R-L=27-08  diviflions. 

Q.qooo 

.' .  1  diTiiioii=——— -=0-01212  milh'gratnnie. 
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Determinaiion  of  (B-f  X)  — (A-f  Y). 


Weight  on 
pan. 

Extremities  of 
oscillations. 

Besting  point. 

Means  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences. 

A  +  Y 

254-5 

272-9 
257-3 

264-40 

B+X 

267-5 

249-8 
264-8 

257  97 

263  -27 

5-30 

A  +  Y 

258-5 

265-4 
259-3 

262  15 

257  04 

5  11 

B  +  X 

259-3 

253-6 
258-0 

256  12 

261  -87 

5-75 

A  +  Y 

253-5 

268-5 
255-9 

261  -60 

255  -63 

6-97 

B  +  X 

244-6 

264-5 
247  0 

255  15 

261  -87 

6-72 

A  +  Y 

273  6 

252-0 
271-0 

262  -15 

255  -85 

6-30 

B  +  X 

252  7 

260 

253-5 

256-55 

262-90 

6-37 

A  +  Y 

275 

253-7 
272-4 

263  -70 

•  • 

Mean 

difference 

6-93 

.•.(B+X)-(A-fY)=-01212x5-93. 

='0718  milligramme. 

Greatest  deviation  from  the  mean — 

=  •82  division. 

=  '0099  milligramme. 

The  weather  during  this  series  of  weighings  was  very  unfavourable, 
with  frequent  heavy  showers. 


1878.] 


ruing  tJie  Balance  xcith  great  delieacify  S^c. 
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II. — Jane  13. — Determination  of  1  Scale  Division. 


Bider  on 
beam. 

Extremities  of 
oscillations. 

Besting 
point. 

Means  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences 
due  to  B— L. 

• 

L 

1 

302-8 

299-9 
302-9 

301 -37 

This  is  rejected  as  it  is  so 
much  lower  than  the  suc- 
ceeding. 

\ 
\ 

1 

321-8 

335-7 
326  8 

330-00 

• 

1 
1 

L 

299-6 

808-7 
301  0 

304-50 

330-68 

26-18 

B 

322-9 

337-5 
827-6 

331-37 

805-10 

26-27 

L 
R 

299-5 

310-9 
301  5 

305-70 

331  -77 

26-07 

325  '2 

337  1 
329-3 

332  -17 

305-90 

26-27 

L 

290-4 

319-4 
295-2 

306-10 

.  • 

.MneanR-L=26-20. 
.'.1  division =-01 252  mUIigrammo. 

The  weatber  was  as  nnfavourable  as  on  the  previoos  day. 
The  weights  were  changed  shortlj  before  the  commencement  of 
this  series  and  the  balance  tben  worked  so  irregularly  tbat  for  aomid 
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time  I  was  unable  to  begin  the  rider  determination.     Even  then  the 
first  resting  point  had  to  be  rejected^ 


Determination  of  ( A  -h  X) — (B  -h  Y) . 


Weight 
in  pan. 

Extremities  of 
oscillations. 

Besting 
point. 

Means  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences. 

B  +  Y 

307-8 

326  0 
311-6 

317  -85 

These  are  all  rejected,  as  the 
motion  was  so  irregidar. 
The    weights    had    been 
-     changed  a  short  time  be- 
fore, and  had  probably  not 
reached  an  uniform  tem- 
perature. 

J 

A  +  X 

293 -7         ♦ 

307-8 
295-8 

801 -27 

B+Y 

309-6 

322-3 
312-6 

316*70 

A  +  X 

295-5 

309-6 
297-6 

303  -17 

B  +  Y 

804*1 

322*7 
808-1 

314-4 

A  +  X 

289*3 

304*4 
291-5 

297-4 

B  +  Y 

305-5 

815-0 
807-5 

810 -75 

297  86 

13*40 

A  +  X 

294  0 

800*1 
294-8 

297-30 

309-95 

12-65 

B  +  Y 

304-6 

312*7 
806-6 

309  15 

296-51 

12-54 

A  +  X 

290*0 

300-7 
291-5 

296  72 

Mean  (A-fX)- (B+Y) =12-86  divisions. 
.-.  (A-|-X)-(B+Y)=0-1610  milligramme. 


Greatest  deviation  from  mean  =0*54  division =0*006 7  milligramme. 


1878.] 


using  tlie  Balance  voith  yreat  deUcacy,  &c. 
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in. — June  13. — ^Determination  of  1  Scale  Division. 


■ 

Rider  on 
beam. 

BxtremitiM  of 
osciUatioxu. 

Besting  point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences 
due  to  B— L. 

B 

301*3 

290*6 
299*7 

• 

295-55 

L 

313-7 

328*7 
318-1 

322  '30 

• 

296*38 

25-92 

B 

1 

293-6 

300-4 
294-5 

297*22 

322*47 

25*25 

i       L 

j 

311  0 

331-6 
316-4 

322*65 

297-88 

24*77 

1 

1 

B 

281*6 

313-2 
286*2 

298-55 

323-57 

25*02 

L 

310-1 

335*8 
316-3 

32  i,  -50 

298  -62 

25-88 

B 

287*8 

308-1 
290*8 

298*7 

Mean  B~L= 25*37  divisionH. 

.  .  1  divi8ion=lf|??=01293. 

26-37 
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Determination  of  (A+X)  — (B-l-Y). 


Weight  in 
pan. 

Extremities  of 
oscillations. 

Besting  point. 

Mean  of  pre- 
ceding and 
succeeding 
resting  points. 

Differences. 

A  +  X 

303*3 

294-5 
301-8 

298  -52 

B+Y 

803*6 

316-8 
306-2 

310  -35 

297-07 

1 
1 
1 

13*28 

A  +  X 

288*9 

301*5 
290-6 

295  62 

1 

B  +  Y 

300-2 

311-6 
802-5 

306*47 

This  is  eyidentlj  due  to  some 
irregular  and  short  disturb- 
ing cause,  and  is  rejected. 

A  +  X 

288-8 

sai-i 

291  1 

297-07 

B  +  Y 

301-5 

319-3 
803-9 

311-0 

297  16 

13*84 

1 

■ 

A  +  X 

291-7 

302*0 
293-2 

297*25 

810  -38 

13  08 

B  +  Y 

301-0 

316-8 
804-1 

809-67 

Mean  (A+X) -(B+Y) =13-40  divisions. 

.-.  (A+X)-(B+Y)=01732  milligramme. 

Greatest  deviation  from  mean  ='44  division  ='0057  milligramme. 


1878.]  using  the  Balance  aith  great  delicacy,  ^c. 


IV. — June  14. — Delennuiatioii  of  1  Valne  of  Scale  Division. 


Bideron 
hem. 

Bating  point. 

M««n  of  pre- 
ceding and 

Bucoeeding 
ruling  pointa. 

due  lo  B-L. 

B 

262  6 

253-4 
251-7 

252-6 

Thii  WM  tukrn  aoon  after  en- 
teriDg  the  room.     It  i>  ao 
much  lower  than  the  suo- 
cwding  that  it  ■■  rejected. 

L 

290  8 
273-7 

288-8 

281-75 

K 

242-4 

266-7 
246-1 

255-22 

281-96 

26-74 

L 
B 

272 -S 
276-7 

282-17 

265-89 

26  28 

252-8 

253-9 
268-7 

26e-57 

282-67 

26  10 

L 

286-2 

280-0 
286-6 

283-17 

Mean  K— L=26-37  divisioa. 


Being  internipted,  I  coold  not  conUnae  the  series  of  rider  determi- 
utiotta  farther. 
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Determinfttion  of  (B-hX)— (A-hY). 


Weight  in 
pan. 

Extremities  of 
oscillations. 

Besting  point. 

Mean  of  pre- 
ceding and 
succeeding 

restinfi;  point». 

Differences. 

A  +  Y 

291-7 

275 

289-5 

282-80 

B  +  X 

261-0 

280-3 
263-4 

271-25 

282-85 

11-60 

A  +  Y 

285-7 

280-4 
285-1 

282-90 

271 -61 

11-29 

B  +  X 

280-2 

265-3 
277-5 

272  -07 

283-90 

11-83 

A  +  Y 

294-9 

276-1 
292-5 

284*90 

273-43 

11-47 

B  +  X 

276  0 

273-9 
275-4 

274-8 

286-40 

11-60 

A  +  Y 

267-3 

305-4 
273-5 

287-90 

275  -11 

12-79 

B  +  X 

278-5 

272-9 
277-4 

276-42 

289-28 

13  86 

A  +  Y 

296-6 

285-5 
295-1 

290-67 

Mean  (B  +  X) -(A+Y)  =12*06  divisions. 

.-.  (B+X)-(A+Y)=0-1500  milligramme. 

Greatest  deviation  from  the  mean  =1-8  division  =0-01224  mgm. 

The  previous  determination  of  (B+X)  — (A+Y)  was  '0718  mgm. 
The  difference  is  too  great,  '0782  mgm.,  to  be  accounted  for  by  errors 
of  experiment.  There  must  have  been  some  deposit  on  one  of  the 
weights,  either  of  dust  or  moisture.  I  therefore  took  them  onti 
cleaned  and  adjusted  them  bj  scraping  B  -till  nearly  equal  to  A,  and 
removing  the  wax  from  A. 


1878.] 


utittg  the  Balance  with  great  deltcactf,  ^e. 


21 


Y. — June  14. — ^Determination  of  Valae  of  1  Scale  DiTision. 


Rider  on 
beam. 

1 
1 

ExtremitieB  of 
oecillationfl. 

Besting  point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences  due 
toB-L. 

• 

B 

212-6 

230-3 
214-7 

221-97 

1 

1 

L 

252-3 

242*5 
251-2 

247-12 

222-16 

24-96 

1 

R 

225  -0 

220-5 
223  6 

222 -35 

246*67 

24*32 

L 

238*6 

252*8 
240-7 

246-22 

221  -87 

24*35 

1       R 

1 

224*9 

218-7 
223-3 

221*40 

245*98 

24-58 

1 

L 

1 

1 

249-7 

242-2 
248-9 

245-75 

221*26 

24-49 

1 

226-8 

216-7 
224-3 

221  -12 

• 

.*.  mean  B— L=24i*54i  divisions. 

.  1  division=-- — —-=0*01337  milligramme. 

2454  ® 
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Determination  of  (B  +  Y)  —  (A  -hX). 


Weight  in 
pan. 

Extremities  of 
OBciilations. 

Besting  point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences. 

Jl+X  ' 

206-3 

212-7 
206-8 

209-62 

This  was  rejected  as  being  so 
much  higher  than  the  rest. 

B  +  Y 

209  0 

206-4 
208-6 

207-6 

A  +  X 

212-4 

204-0 
211-3 

207-92 

207-71 

•21 

B  +  Y 

206-8 

208-8 
206-9 

207-82 

207-88 

•06 

A  +  X 

211-8 

204-4 
210  8 

207-85 

207-64 

•21 

B  +  Y 

209-1 

206-1 
208-6 

207-47 

207-86 

-39 

A  +  X 

210-7 

205-5 
209-8 

207-87 

207  11 

-76 

B  +  Y 

208-5 

205-3 
207-9 

206-75 

207-83 

-78 

A  +  X 

209  7 
.     205  1 
208-9 

207-20 

206-45 

•75 

B  +  Y 

203  3 

208-7 
203-9 

20a*15 

Mean  (B+Y) -(A  +  X) =-49  division  =0-00656  milligramme. 
Greatest  deviation  from  mean  ='43  division  =0*00575  mgm. 

A  and  B  had  here  been  cleaned  and  B  readjusted  by  scraping.  A 
small  vessel  containing  calcium  chloride  was  put  inside  the  balance  to 
dry  the  air.  This  improved  the  action  of  the  clamp,  diminishing  the 
cohesion. 


1878.]  unitff  the  Balance  mth  great  delicacy,  ^e.  29 

VI. — June  17. — Detemunation  of  Titlne  of  1  Scale  DiriBion. 


Kderon 
beam. 

Eitf«mitieg  of 

Rertingpomt. 

Hmn  of  pre- 
ceding and 

reiting  pointa. 

toR-L. 

R 

ilOi 

214-3 
210-7 

212-42 

L 

S3S-4 

2S3a 
338  1 

235-77 

212-93 

22-84 

'       E 

209-6 

217  0 
210-3 

213  -45 

236-17 

22-72 

L 

216 -2 

228-1 
243-9 

236-67 

213  -38 

23  39 

1        K 

224-3 

204 

221  1 

213-32 

236-69 

23-27 

1 

L 

233-7 

239  1 
234-6 

236 -(IS 

213  '52 

23-09 

B 

207-6 

219-4 
208 -6 

213  -75 

MeaiiB-L=23-02  di 


.  1  diTiBioii=5^^=-01425  milligramme. 


30 


Mr.  J.  H.  Poynting  07i  a  method  of  [Nov,  1 


Determination  of  (BH-X)-(A-f  Y). 


Weight  in 
pan. 

Extremities  of 
Oscillations. 

Besting  point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences. 

B  +  X 

216-9 

214-6 
216-6 

215  -67 

A  +  Y 

256-7 

283-8 
263-9 

244-55 

216-08 

28-47 

B  +  X 

220  1 

213-7 
218-6 

216-50 

244-90 

28-40 

A+Y 

254-8 

236-7 
262-8 

245*25 

217-07 

28-18 

B  +  X 

221-6 

214-5 
220  1 

217 -65 

245-48 

27-83 

A  +  Y 

257-6 

235-3 
254-8 

245-72 

217  -37 

28-35 

B  +  X 

220-9 

214  0 
219-6 

217-1 

245-68 

28-58 

A  +  Y 

246-8 

244-5 
246*8 

245-65 

216-83 

28-82 

B  +  X 

223-7 

210-6 
221-6 

216  -57 

.-.  mean  (B-fX)  -(A+Y)  =28-38  divisions  =0-4043  milligramm 
(Greatest  deviation  from  mean  =*55  division  ='00784  milligramm 
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VII. — Jnne  18. — Determination  of  1  Scale  Division. 


Rider  on 
beam. 

Extremities  of 
oscillations. 

Resting  point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences  due 
toR-L. 

R 

1 

171-6 

190-7 
172-7 

181  -42 

• 

1 

L 

210-3 

225 -8 
212-4 

218  -32 

180-47 

37-86 

R 

189-2 

171-7 
185  5 

179 -52 

217-64 

38  02 

L 

223-2 

210-8 
222-3 

216 -77 

179-04 

37-73 

R 

185  0 

173-2 
182-9 

178-57 

216  -17 

37-60 

L 

220-2 

211  3 
219-5 

215 -57 

178  -22 

37  -35         i 

R 

189-1 

168-8 
184-8 

177  -87 

Mean  R— L=37-71  divisions. 

.-.  1  scale  division  =  ' ='00870  millicTamiDe. 

3771  ^ 
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Determination  of  (B-f  Y)  — (A-f  X). 


Weight  in 
pan. 

Extremities  of 
OBcillatious. 

Resting  point. 

Mean  of  pre- 
ceding and 
succeeding 

resting  points. 

Differences. 

B  +  Y 

208-5 

221-7 
209-5 

215  -35 

• 

A  +  X 

216-9 

214-4 
244-1 

229 -95 

216  -32 

13-73 

B  +  Y 

219-2 

215-6 
218-0 

217  1 

230-91 

13-81 

A  +  X 

240-8 

221-0 
238-7 

231-87 

217  12 

14-76 

B  +  Y 

226  1 

209-4 
223-7 

217  -15 

232-24 

15-09 

A  +  X 

221-8 

242-3 
224-1 

232  -62 

216  -96 

15-66 

B  +  Y 

211-5 

221-8 
212-0 

216  -77 

232-21 

15*44 

A  +  X 

219  0 

243-0 
222-2 

231-80 

B+i: 

208-3 

229-0 
209-9 

219-05 

This  sudden  change  of  resting 
point  must  be  due  to  some 
irregular  disturbance.     It 
is    therefore  rejected.     It 
was    slowly    returning    to 
nearlj  its  former  values. 

Mean  (B  +  X)-(A-f  Y)=1475  divisions  =-12831  milligramme.  - 
Greatest  deviation  from  the  mean  =1*02  division  =-0089  mgm. 

The  great  difference  between  the  result  here  and  that  in  series  V  is 
probably  due  to  deposit  of  dust.  The  new  mirrors  had  to  be  fixed  up 
just  before  the  experiment  began,  and  the  doors  were  open  for  some 
time.  At  the  conclusion  of  the  weighing  I  found  a  good  deal  of  dust 
on  the  weights. 
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using  the  Balance  toith  great  delicacy,  ^c. 
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VIII. — June  19. — Determination  of  1  Scale  Division. 


Eider  on 
beam. 

Extremities  of 
oflcillations. 

Beetiiig  point. 

Mean  of  pre« 
ceding  and 
succeeding 

resting  points. 

Difference 
due  to  B— L. 

L 

235*8 

222-3 
233-3 

228-42 

This  is  so  much  higher  than 
the  rest,  probably  through 
being  observed  soon  after  I 
entered  the  room,  that  it  is 
rejected. 

B 

197 

181-2 
193-9 

188-82 

L 

228-2 

222 -7 
228-0 

225-40 

188-24 

37  16 

R 

197-4 

180-7 
193-9 

188-17 

225-46 

37-29 

L 

233-6 

218-0 
232-5 

225-52 

187*63 

37-89 

R 

191-7 

183*3 
190-1 

187-10 

225-28 

38  18 

L 

230-2 

220-3 
229-4 

225  05 

187-36 

37-70 

R 

193-8 

182-5 
191-8 

187-60 

Mean  R—L =37*64  divisions. 

1  scale  diviflion=l????= -00872. 

37-64 


TOL.  xxnn. 
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Determination  of  (B+X)-(A+Y). 


Weight  in 
p.n. 

Besting  point. 

M«m<rfpre- 
oeding^d 

Diffi 

A+Y. 

215 '3 

238-7 
244-2      - 

241-73 

corded  jiut  before  I 
oUmp  had  been  lot 
the  K»le  pan  h>d  > 
and  the  reating  poi 
thereby  ohuiMa.    1 
lurb«Mice    bBd    app 
not  lubeided  when  t 
taken,    it    is    theref. 
jeeted. 

B  +  X 

193  0 

185-7 
191-4 

188-95 

A+Y 

226-6 

243-3 
229-2 

285-60 

188  22 

4- 

B  +  I 

182-2 

192-8 
1S2-4 

187  65 

236-22 

4 

A  +  T 

229-4 

239-2 
231-6 

234-85 

187  -47 

4' 

B  +  X 

194-4 

182-5 
193-2 

187  4 

231-71 

* 

A-rY 

239-8 

229-7 
239-1 

234-57 

187-50 

4 

BtX 

194-7 

181-6 
193-5 

187-60 

234-31 

i- 

A+y 

330 -0 
237-4 

232-4 

231-45 

187-60 

* 

B  +  X 

186-0 

189-0 
185-6 

187-40 

Mean(B+X)-(A+T): 
Qreateat  deviation  from 


47-24  divieionB  =0-4119  milKgi 
the  mean  ='43  division  =  00375 


':, 


Fig  lUl 


tfJTA 
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Determination  of  (B+X)— (A+T). 


Wright  in 
pu>. 

Eitrvroitiea  tf 

Botiog  point. 

Mean  of  pre- 
raeting  paints. 

DiSerencn. 

A+r, 

245 '8 

238 -7 
244-2       - 

241-73 

In    one   obwrr 
corded  just 
clamp  had  b 
the  Bcale  pa 
and   the  rest 
therebj  chan 
turbanoe    ha 
not  subsided 
taken,   it    is 

JLtlcd. 

Kfore  thia  the 
en  loose,  and 
had  aUpped, 
eg  point  was 
;od.    Thedii- 
d    apmirentlj 
when  this  wa« 
therefore   re- 

B  +  X 

193-0 

186-7 
191-4 

188-95 

A  +  Y 

S2fi-e 

243-3 
229  a 

235-60 

188-22 

47-38 

B  +  X 

182-2 

193-9 
182-4 

187 -SS 

235  22 

47-67 

A  +  T 

22a -4 

239  a 
231-6 

234  85 

187  47 

47  38 

B  +  X 

194-4 
192-5 

192-2 

187-4 

234-71 

47-31 

A-rT 

239 '8 

220 -7 
239  1 

231-57 

187-50 

47-07 

B  +  X 

104 -7 

181-6 
193-5 

187 'fiO 

231-31 

4ti  91 

A  +  Y 

230-6 

237-4 
232 '4 

234-43 

1H7-50 

46-93 

D  +  X 

196 '0 
189-0 

195 '6 

187-40 

Mean(B-(-X)-{A+T) 
Greatest  deyiation  froi 


47'24  diviaions  =04119  milligramme, 
the  meaa  ='43  diviaion  ='00375  nigm. 


J':  i*niinci 
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Serin. 
1 

2 
3 

4 


(B+X 
(A+X 
(A+X 
(B+X 


(A+Y) 
(B+Y) 
(B  +  Y) 
(A+Y) 


Summary, 

Qrcatest  deviation 
Mgms.       from  mean  in  * 

milligrammes. 

•0718    -OOagi  A_R,.aMiJ 
•1610    •0067/  ^-B^-0446mgm. 

•1732    -00571  A   D_Lnii^ 
•1500    •0122/  ^=B  +  -0116mgm. 


5 
6 

7 
8 


(B+Y 
(B+X 
(B+Y 
(B+X 


(A  +  X) 
(A+Y) 
(A+X) 
(A+Y) 


•0065  ^0057 1  -D     A  j^  1  oon 

•4043  •0078/  B=A+^1989mgai. 

•1283  •00891  T,     A  ,  i.iQ 

•4119  •0037/  B=A+1418mgm. 


The  greatest  error — that  is  the  greatest  deviation  of  any  one  valne 
from  the  mean  of  its  series — ^in  the  first  four  series  is  tooo^oooq^^  of  a 
ponnd.  The  greatest  error  in  the  four  series  Nos.  5 — 8  is  -sTnr^Vxnnj^ 
of  a  ponnd. 


II.  "  On  Repulsion  resulting  from  Radiation."     Part  VI.     By 

William  Crookes,  F.R.S.,  V.P.C.S. 

(Abstract.) 

In  this  part,  with  which  the  research  closes,  the  author  first  examines 
the  action  of  thin  mica  screens  fixed  on  the  fly  of  an  ordinary  radio- 
meter, in  modifying  the  movements.  It  is  found  that  when  a  disk 
of  thin  clear  mica  is  attached  I  millim.  in  front  of  the  blacked  side  of 
the  vanes  of  an  ordinary  radiometer,  the  fly  moves  negatively,  the 
black  side  approaching  instead  of  retreating  from  the  light.  When 
a  thin  mica  disk  is  fixed  on  each  side  of  the  vanes  of  a  radiometer, 
the  result  is  an  almost  total  loss  of  sensitiveness. 

In  order  to  examine  the  action  of  screens  still  further  an  instru- 
ment is  described  having  the  screens  movable,  and  working  on  a  pivot 
independent  of  the  one  carrying  the  fly,  so  that  the  screens  can  move 
freely  and  come  close  either  to  the  black  or  to  the  white  surfaces  of  the 
disks.  By  gentle  tapping  the  screens  can  be  brought  within  2  millims. 
of  the  black  surfaces.  A  candle  is  now  brought  near,  shaded  so 
that  the  light  has  to  pass  through  one  of  the  clear  disks  and  fall  on 
the  black  surface.  The  black  side  immediately  retreats,  the  clear 
disk  remaining  stationary  for  a  moment  and  then  approaching  the 
light.  If  the  candle  is  allowed  to  shine  on  the  plain  side  of  the  black 
disk,  no  immediate  movement  takes  place.  Very  soon,  however,  both 
disks  move  in  the  same  direction  away  from  the  candle,  the  speed  of 
the  clear  disk  gradually  increasing  over  that  of  the  blacked  disk. 

i>2 
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Instead  of  allowing  the  cfear  screens  to  freely  move  on  a  pivot,  an 
instrument  was  made  in  which  the  screens  could  be  fixed  beforehand 
in  any  desired  position  in  respect  to  the  blacked  disks.  It  was  then 
foifnd  that  with  the  screens  close  to  the  blacked  sides  of  the  vanes 
the  fly  rotates  very  slowly  in  the  negative  direction,  stopping 
altogether  when  the  candle  is  moved  five  or  six  inches  off.  With 
the  screens  1  millim.  from  the  black  surface  the  direction  is  negative 
and  the  speed  at  its  maximum.  When  the  screens  and  disks  are 
7  millims.  apart  a  position  of  neutrality  is  attained,  no  movement 
taking  place.  When  the  distance  is  farther  increased,  positive  rota- 
tion commences,  which  gets  stronger  as  the  screens  approach  the 
bright  sides  of  the  disks,  where  the  positive  rotation  is  at  its  maxi- 
minm.  The  anthor  adduces  reasons  for  considering  that  the  negative 
rotations  here  observed  are  caused  by  the  warming  up  of  the  black 
surface  by  radiation  falling  direct  on  it,  through  the  clear  mica 
screen,  and  the  deflection  backwards  of  the  lines  of  molecular  pressure 
thereby  generated. 

The  action  of  these  radiometers  being  complicated,  owing  to  the 
surfaces  of  the  vanes  being  difEerent  in  absorptive  power,  another  in- 
strument was  made  in  which  the  vanes  were  of  polished  aluminium, 
perfectly  flat  and  symmetrical  with  the  bulb.  The  screens  were  of 
clear  mica  movable  in  respect  to  the  vanes,  and  at  right  angles 
to  their  surface.  When  exposed  to  the  light  of  a  candle  it  was 
found  that  with  the  screens  brought  up  close  to  the  disks,  the  rotation 
was  as  if  the  unscreened  side  were  repelled  ;  at  an  intermediate  posi- 
tion there  was  neutrality.  Explanations  are  given  of  these  move- 
ments, but  without  the  illustrative  cuts  they  would  be  unintelligible. 

Experiments  on  radiometers  having  movable  screens  interposed  be- 
tween the  vanes  and  the  bulb  are  next  given,  and  these  are  followed 
by  a  long  series  of  experiments  on  the  influence  of  movable  screens  on 
radiometers  with  cup-shaped  metallic  vanes,  the  screens  being  varied 
in  shape,  and  position  in  respect  to  the  plane  of  rotation,  as  well  as  in 
resj^ct  to  the  distance  from  the  vanes. 

A  similar  series  is  given  with  metallic  cylinders  as  vanes,  and  from 
the  behaviour  of  the  latter  kind  of  radiometer,  an  explanation  is  given 
of  the  various  movemenis  previously  obtained.  It  is  found  that 
when  the  screen  touches  the  convex  surface  of  the  vanes  the  rotation 
under  the  influence  of  light  is  always  positive.  It  commences  at  a 
low  exhaustion,  increases  in  speed  till  the  rarefaction  is  so  high  thait  an 
ordinary  radiometer  would  begin  to  lose  sensitiveness,  and  afterwards 
remains  at  about  the  same  speed  up  to  the  highest  rarefaction  yet 
obtained.  At  any  rarefaction  after  87  M  (millionths  of  an  atmo- 
sphere) there  is  a  neutral  position  for  the  screen.  When  it  is  on  the 
concave  side  of  this  neutral  position  the  direction  of  rotation  is 
positive,  and  when  on  the  convex  side  of  the  neatral  position  it  is 
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negative ;  the  speed  of  rotation  is  greater  as  the  vanes  are  farther 
removed  from  this  neutral  position  on  either  side.  The  position 
of  this  neutral  point  varies  with  the  degree  of  exhaustion;  thus 
at  12  M,  the  screens  must  be  3  millims.  from  the  convex  side;- at 
•18  M  they  must  be  13  millims.  from  the  convex  side.  The  higher 
the  exhaustion  the  greater  the  distance  which  must  separate  the  convex 
side  of  the  hemi-cjlinders  and  the  screens. 

The  author  gives  explanations  of  these  phenomena,  based  on  the 
following  already  ascertained  facts : — When  thin  alaminiam  vanes  are 
exposed  to  light  the  metal  rises  in  temperature  and  becomes  equally 
warm  throughout,  and  a  layer  of  molecular  pressure  is  generated  on 
its  Burhce,  The  thickness  of  this  layer  of  pressure,  or  the  length  of 
the  lines  of  force  of  repulsion,  varies  with  the  degree  of  exhaustion, 
being  longer  as  the  exhaustion  increases.  The  lines  of  force  appear  to 
radiate  from  the  metal  in  a  direction  normal  to  its  surface.  The  force 
of  repulsion  is  also  greater  the  closer  the  repelled  body  is  to  the 
generating  or  driving  surface,  and  the  force  diminishes  rapidly  as 
the  distance  increases,  according  to  a  law  which  does  not  appear  to 
be  that  of  "inverse  squares.*'  Diagrams  are  given  illustrating  the 
author's  explanation,  based  on  the  above  data. 

An  apparatus  is  next  described  not  differing  in  principle  from  the 
last,  but  having,  in  addition  to  the  aluminium  hemi-cylinder  and 
movable  mica  screen,  a  small  rotating  fly  made  of  clear  mica,  mounted 
in  such  a  way  that  it  could  be  fixed  by  means  of  an  exterior  magnet 
in  any  desired  position  inside  the  bulb.  The  screen  was  also  capable 
of  adjustment  by  means  of  another  magnet ;  the  aluminium  hemi- 
cylinder  in  this  apparatus  being  fixed  immovable.  The  adjustible 
indicator  being  very  small  in  diameter  in  comparison  to  the  other 
parts  of  the  apparatus,  and,  being  easily  placed  in  any  part  of 'the 
bulb,  was  expected  to  afford  information  as  to  the  intensity  and 
direction  of  the  lines  of  pressure  when  a  candle  was  brought  near  the 
bulb.  Experiments  have  been  tried,  a,  with  the  screen  in  different 
positions  in  respect  to  the  hemi-cylinder;  6,  with  the  indicator  in 
different  parts  of  the  bulb ;  c,  with  the  candle  at  different  distances 
from  the  hemi-cylinder  on  one  side  or  the  other ;  dy  with  the  degree  of 
exhaustion  varying  between  wide  limits.  It  would  be  impossible  to 
give  an  intelligible  abstract  of  the  results  obtained  with  this  apparatus 
without  numerous  diagrams.  It  may,  however,  be  briefly  stated  that 
they  entirely  corroborate  the  theories  formed  from  a  study  of  the 
behaviour  of  the  instruments  previously  described. 

The  next  part  of  the  paper  treats  of  the  action  of  heat  employed 
inside  the  radiometer.  In  a  previous  paper,  the  author  showed  that 
phenomena  feeble  and  contradictory  when  caused  by  radiation  external 
to  the  bulb,  became  vigorous  and  uniform  when  the  radiation  was 
applied  internally  by  the  agency  of  an  electrically- heated  wire.    It 
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was  hoped  that  some  of  the  more  obscare  phenomena  shown  by  the 
deep  caps  with  movable  screens  in  front  (referred  to  above)  might  be 
intensified  if  set  in  action  by  a  hot  wire.  Several  kinds  of  apparatus 
and  experiments  with  them  are  described,  bnt  the  results  are  too  com- 
plicated to  be  given*  in  abstract.  One  experiment  proves  that  the 
direction  of  pressure  is  not  wholly  normal  to  the  surface  on  which  it 
is  generated,  but  that  some  of  it  is  tangential. 

The  author  then  describes  the  turbine  radiometer,  early  specimens 
of  which  were  exhibited  before  the  Royal  Society  on  April  5,  1876. 
In  the  ordinary  form  of  radiometer  the  number  of  disks  constituting 
the  fly  is  limited  to  six  or  eight,  a  greater  number  causing  interference 
one  with  the  other  and  obstruction  of  the  incident  light.  In  the 
turbine  form  of  fly  there  is  no  such  difficulty,  the  number  of  vanes 
may  be  considerably  increased  without  overcrowding,  and  with  corre- 
sponding advantage.  In  the  earlier  turbine  radiometers  the  flies  were 
made  of  mica  blacked  on  both  sides,  and  inclined  at  an  angle  like  the 
sails  of  a  windmill,  instead  of  being  in  a  vertical  plane.  This  form  of 
instrument  is  not  sensitive  to  horizontal  radiation,  but  moves  readily 
in  one  or  other  direction  to  a  candle  held  above  or  below.  A  vertical 
light  falling  on  the  fly  gives  the  strongest  action,  but  rotation  takes 
place,  whatever  be  the  incident  angle,  provided  the  light  is  icaught  by 
one  surface  more  than  by  the  other.  Ether  dropped  on  the  top  of  the 
bulb  to  chill  it  causes  rapid  negative  rotation.  If  the  turbine  radio- 
meter is  floated  in  a  vessel  of  ice-cold  water,  and  the  upper  portion 
exposed  to  the  air  of  a  warm  room,  it  rotates  rapidly  in  the  positive 
direction,  acting  as  a  heat  engine,  and  continuing  so  to  act  until  the 
rotating  fly  has  equalised  the  temperature  of  the  upper  and  lower 
portions  of  the  bulb.  By  reversing  the  circle  of  operations — ^by 
floating  the  turbine  radiometer  in  hot  water  and  cooling  the  upper 
portion  of  the  bulb — the  fly  instantly  rotates  in  the  negative  direction. 

After  describing  experiments  in  which  the  same  fly  was  made  to 
rotate  first  in  a  large  bulb  and  then  in  a  small  one  at  the  same  degree 
of  exhaustion,  the  author  proceeds  to  discuss  the  influence  exerted  by 
the  inner  side  of  the  glass  case  of  the  radiometer  as  a  reacting  surface. 
A  flat  metal  band  was  put  equatorially  inside  a  radiometer,  and  lamp- 
blacked,  so  that  the  molecular  pressure  generated  under  the  influence 
of  light  should  react  between  the  fly  and  the  black  band,  instead  of 
between  the  fly  and  the  glass  side  of  the  bulb.  It  was  found  that  the 
maximum  speed  with  the  band  present  was  40  revolutions  a  minute, 
against  8^  revolutions  when  the  band  was  absent. 

The  rotation  of  the  case  of  a  radiometer,  the  fly  being  held  immovable 
by  magnetism,  is  next  described.  A  preliminary  note  on  this  subject 
having  already  appeared  in  the  "  Proceedings,"*  it  need  not  be  again 

•  "  Proc.  Roy.  Soc,"  No.  168,  March  30,  1876. 
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described  in  detail.  Many  diiforent  forms  of  instrument  for  eflectiii 
this  rotation  are  described,  and  their  mode  of  action  explained. 

The  reacting  inner  surface  of  the  envelope  being  thus  proved  to  1 
essential  to  the  rotation  of  the  fly,  other  instmments  were  made  i 
which  this  necessary  reaction  is  obtained  in  a  more  direct  manne 
In  one,  the  radiometer  is  furnished  with  a  fly  carrying  four  fli 
aluminiam  vanes,  polished  on  both  sides.  Three  vortical  partitioi 
of  thin  clear  mica  are  fixed  in  the  bulb,  with  their  planes  not  passic 
through  the  axi^  ^f  rotation,  but  inclined  to  it,  thus  throwing  tl 
obliquity  off  Hl^  fly  on  to  the  case,  and  giving  three  fixed  planes  fc 
the  reaction  to  take  place  against.  Candles  arranged  symmetrical 
round  the  bulb  make  the  fly  rotate  rapidly  against  the  edges  of  tl 
inclined  planes.  Breathing  gently  on  the  bulb  gives  negative  rotatio: 
A  hot  glass  shade  inverted  over  the  instrument  causes  strong  negatii 
rotation,  changing  to  positive  on  cooling.  When  the  fly  is  f  umishc 
with  clear  mica  or  with  silver  flake  mica  vanes,  the  same  results  a: 
obtained  as  when  aluminium  vanes  are  employed.  The  princip 
action  is  produced  by  dark  heat  warming  the  bulb,  icreens,  and  vane 

The  oikeoBcape  is  the  next  subject  treated  on  in  the  paper.  This  hx 
aJieady  been  given  in  abstract,*  and  need  not  be  again  referred  t 
Many  different  varieties  of  otheoscope  are  figured  and  described. 

Fig.  1. 


P. 
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It  was  suggested  hy  Professor  Stokes  that  a  disk  might  be  made  to 
revolve  on  its  axis,  and  the  anthor  describes  an  instrument  in  whi<di 
this  suggestion  is  carried  out.  The  disk  is  horizontal,  mounted  like 
the  flj  of  a  radiometer,  and  for  lightness'  sake  is  of  mica,  blacked 
above.  Fixed  to  the  bulb  above  the  disk  are  four  flat  pieces  of  clear 
mica ;  each  extends  from  the  side  of  the  bulb  to  near  the  centre,  and 
ends  below  in  a  straight  horizontal  edge,  leaving  just  space  enough  for 
the  disk  to  revolve  without  risk  of  scraping.  The  edge  is  in  a  radial 
direction,  and  the  plane  of  the  plates  is  inclined  about  45^  to  the 
horizon,  in  the  same  direction  for  them  all.  Exposed  to  the  light  of 
a  candle,  the  rotation  is  against  the  edge.  By  slightly  modifying  this 
form,  the  instrument  becomes  much  more  sensitive.  Fig.  1  shows  tKe 
complete  instrument ;  a,  a,  are  six  vanes  of  copper  foil,  oxidised  by 
heating  to  redness  in  the  air;  they  are  attached  to  arms,  and  are 
inclined  at  an  angle  of  45°  to  the  horizon.  They  are  firmly  fixed  to 
the  support.  Through  the  centre  passes  a  needle-point,  on  which  is 
balanced  a  glass  cup,  carrying  a  thin  clear  disk  of  mica,  5,  h,  freely 
rotating  about  1  millim.  above  the  top  edges  of  the  copper  vanes. 
When  exposed  to  light,  the  mica  disk  rotates  with  great  speed  against 
the  edges.  The  pressure  which  drives  the  movable  fly  round  reacts 
equally  on  the  driving  surface :  by  suspending  both  vanes  and  disk 
independently  on  needle-points  the  effect  of  light  causes  them  to 
rotate  in  opposite  directions. 

Whilst  experimenting  with  the  otheoscope  it  was  found  that,  for  a 
given  exhaustion,  the  nearer  the  reacting  surfaces  were  together  the 
greater  was  the  speed  obtained.  In  the  "  Proceedings  of  the  Boyal 
Society  "  for  November,  1876,*  the  author  described  an  apparatus  by 
which  he  was  able  to  measure  the  thickness  of  the  layer  of  molecular 
pressure  generated  when  radiation  impinged  on  a  blackened  surface 
enclosed  in  an  atmosphere  the  rarefaction  of  which  could  be  varied  at 
will. 

It  was  found  that  in  this  apparatus  repulsion  could  be  obtained  at 
ordinary  atmospheric  pressures.  Observations  are  given  at  normal 
pressure  and  at  various  degrees  of  rarefaction,  with  the  driving  and 
moving  surfaces  separated  1,  2,  3,  4,  6,  8,  and  12  millims. ;  and  dia- 
grams of  the  resulting  curves  are  shown  when  the  atmospheric  tension 
and  the  force  of  i*epulsion  are  used  as  abscissaB  and  ordinates.  The 
tables  and  curves  show  that  the  law  of  increase  of  the  force  with  the 
diminution  of  the  distance  between  the  disks  does  not  remain  uniform 
at  all  rarefactions.  At  the  lowest  exhaustions  the  mean  path  of  the 
molecules  of  the  attenuated  gas  is  less  than  1  millim.,  as  rendered  evident 
by  the  force  of  repulsion  diminishing  rapidly  as  the  distance  increases. 
At  exhaustions  higher  than  9  millims.  this  condition  alters,  and  as  the 

•  "  Proo.  Boy.  Soc.,"  No.  175,  toL  xxt,  p.  810. 
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gauge  approaches  barometric  height,  the  molecnlar  pressure  tends  to 
become  uniform  through  considerable  distances,  the  mean  path  of  the 
molecules  now  being  comparable  with  the  greatest  distance  separating 
the  snrfaces  between  which  they  act. 

A  similar  apparatus  to  the  one  in  which  the  last  experiments  were 
tried  was  used  to  measure  the  action  at  pressures  at  and  approaching 
atmospheric.  At  pressures  between  atmospheric  and  210  miUims.,  the 
first  action  is  yerj  faint  repulsion,  immediately  followed  by  strong 
attraction.  The  attraction  then  begins  to  decline,  until  at  15  millims. 
pressure  it  disappears.  At  the  same  time  the  repulsion,  which  begins 
to  be  apparent  at  250  millims.,  increases  as  the  attraction  diminishes. 
The  author  considers  that  the  attraction  is  the  result  of  air-currents, 
caused  by  the  permanent  heating  of  the  surface  in  front  of  the  move- 
able disk. 

The  paper  concludes  with  experiments  undertaken  to  measure  the 
amount  of  repulsion,  using  a  horizontal  torsion  balance,*  on  the  prin- 
ciple of  Ritchie's,  in  which  the  force  of  repulsion  is  balanced  by  the 
torsion  of  a  fine  glass  fibre.  The  pan  of  the  balance  is  a  clear  mica  disk, 
and  a  similar  disk  is  fastened  to  the  tube  in  which  the  beam  oscillates. 
This  fixed  disk  is  lampblacked  on  the  upper  side,  and  beneath  is  a  spiral 
of  platinum  wire,  connected  with  terminals  sealed  through  the  side  of 
the  tube.  When  the  spiral  is  ignited  by  a  constant  electric  current,  the 
blacked  mica  disk  fixed  above  it  becomes  heated,  and  the  molecular 
pressure  thereby  generated  between  it  and  the  mica  pan  causes  the 
latter  to  rise.  The  glass  thread  attached  to  the  beam  is  thus  twisted, 
and  by  means  of  a  graduated  circle  the  number  of  degrees  through 
which  the  thread  has  to  be  turned  in  order  to  bring  the  beam  back  to 
equilibrium  is  noted.  This  gives  a  measurement  of  the  pressure  exerted, 
in  torsional  degrees,  and  these  are  converted  into  grains  by  ascertaining 
how  many  torsional  degrees  correspond  to  a  known  weight.  A  ray  of 
light  reflected  from  a  mirror  in  the  centre  of  the  beam  is  used  as  an 
index,  being  brought  back  to  zero  at  each  experiment.  The  author 
gives  in  a  table,  and  also  shows  in  the  form  of  a  curve,  the  results  ob- 
tained with  this  apparatus,  giving  the  force  of  molecular  pressure  in 
grains  weight  at  exhaustions  varying  between  2,237  and  0*7  million ths 
of  an  atmosphere. 

•  For  a  description  of  this  form  of  torsion  balance,  Bee  the  author's  paper,  "  Phil. 
Trant.,"  1876,  vol.  dxyi,  p.  871. 
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November  30,  1878. 

ANNIVERSARY  MEETING. 

Sir  JOSEPH  HOOKER,  C.B.,  K.C.S.L,  President,  in  the  Chair. 

General  Boilean,  for  the  Auditors  of  the  Treasurer's  Accounts  on  the 
part  of  the  Society,  reported  that  the  total  ordinary  receipts  daring 
the  past  year,  including  a  balance  of  £933  lis.  Id.  carried  from  the 
preceding  year,  amount  to  £5,924  5«.  9d.,  and  that  the  total  ordinary 
expenditure  in  the  same  period  amounts  to  £5,008  Is,  2d.,  leaving  a 
balance  at  the  Bankers  of  £894  28.  Sd.,  and  £22  2«.  4d.  in  the  hands 
of  the  Treasurer. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Auditors. 

The  Secretary  read  the  following  Lists : — 

Fellows  deceased  since  the  last  Anniversary. 


On  the  Home  List. 


Admiral  Sir  George  Back,  D.C.L. 
Edward  Blackett  Beaumont. 
Rev.  James  Booth,  LL.D. 
Lieut. -General     John     Cameron, 

R.E.,  C.B. 
Frederick,      Lord       Chelmsford, 

D.C.L. 
Rev.  William  B.  Clarke,  M.A. 
Thomas  Grubb,  M.R.I.A. 
Right  Hon.  Russell  Gumey,  Q.C. 
Rear-Admiral        Sir        William 

Hutcheon  Hall,  K.C.B. 
Prof.  Robert  Harkness,  F.G.S. 
John  Hilton,  F.R.C.S. 


Cuthbert  William  Johnson. 

Rev.  Robert  Main,  M.A. 

Colonel  Thomas  (Jeorge  Mont- 
gomerie,  R.E. 

Thomas  Oldham,  M.A.,  LL.D. 

John  Penn. 

John,  Earl  Russell,  K.G. 

Very  Rev.  Augustus  Page  Saun- 
ders, D.D.,  Dean  of  Peter- 
borough. 

William  Stokes,  M.D.,  D.C.L. 

Thomas  Thomson,  M.D. 

Major- General  Sir  Andrew  Scott 
Waugh,  R.E. 


On  the  Foreign  List. 


Antoine  C6sar  Becquerel. 
Claude  Bernard. 
Elias  Magnus  Fries. 


Henri  Victor  Regnault. 

Angelo  Secchi. 

Ernst  Heinrich  Weber. 
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Fellows  elected  since  the  last  Anniversary. 


John  Gilbert  Baker,  F.L.S. 
Francis  Maitland  Balfonr,  M.A. 
Rev.  Thomas  George  Bonney, M.A. 
Prof.  James  Henry  Cotterill,  M.A. 
Sir  Walter  Elliot,  K.C.S.I. 
Rev.  Canon  W.  Greenwell,  M.A. 
Right  Hon.   Sir  William   Henry 

Gregory,  K.C.M.G. 
Thomas  Hawksley,  C.E. 


John  Hopkinson,  M.A.,  D.Sc. 
John  Hnghlings  Jackson,  M.U. 
Lord  Lindsay,  P.R.A.S. 
Samnel  Roberts,  M.A. 
Edward  A.  Schafer,  M.R.C.S. 
Right  Hon.  William  Henry  Smith. 
Hermann  Sprengel,  Ph.D. 
George  James  Symons. 
Charles  S.  Tomes,  M.A. 


On  the  Foreign  List 


Marcellin  Berthelot. 

Joseph  Decaisne. 

Emil  Dn  Bois  Reymond. 


Adolph  Wilhelm  Hermann  Kolbe. 
Rndolph  Lenckart. 
Simon  Newcomb. 


Pafnntij  Tchebitchef . 


The  President  then  addressed  the  Society  as  follows  : — 


Gentlemen, 

At  the  conclusion  of  this,  the  fifth  and  last  year  during  which  I  shall 
have  held  the  most  honorable  office  of  your  President,  I  have  the 
gratifying  assurance  that  the  communications  made  to  the  Society  and 
ita  publications  have  in  no  respect  fallen  off  in  scientific  interest  and 
value.  We  have  not,  indeed,  been  called  upon  to  undertake  during  the 
past  year  such  responsible  and  time-absorbing  duties  in  behalf  of  the 
Government  as  the  Polar,  Circumnavigation,  Transit  of  Venus,  and 
other  Committees  demanded  of  us  during  the  previous  four  years  ;  but 
some  of  the  results  already  achieved  by  those  expeditions  have  been 
contributed  to  our  publications,  and  we  are  in  expectation  of  more.  It 
is  also  with  satisfaction  that  I  can  refer  to  the  good  attendance  at  our 
evening  meetings,  soirees,  and  reunions  as  evidence  of  the  interest 
taken  in  our  proceedings  by  the  Fellows  generally  and  their  friends. 

Before  proceeding  to  touch  upon  some  of  the  advances  made  in 
Science  during  the  last  few  years,  I  have,  as  heretofore,  to  inform  you 
of  the  Society's  condition  and  prospects,  and  of  those  duties  under- 
taken by  its  Council,  for  information  as  to  which  non-resident  Fellows 
look  to  the  annual  address. 

The  loss  by  death  of  Fellows,  twenty-one  in  number,  is  but  little 
short  of  last  year's  rate,  while  that  of  Foreign  Fellows  (six)  is  twice  as 
great  as  last  year.   On  the  home  list  is  Sir  George  Back,  the  last^  with 
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the  exception  of  our  former  President,  the  venerable  Sir  E.  Sabine,  of  that 
celebrated  band  of  Arctic  voyagers,  which  dnring  the  early  part  of  the 
century  added  so  mnch  to  onr  renown  as  navigators  and  discoverers.  Sir 
George  was  further  the  companion  of  Franklin  and  Richardson  in  that 
overland  journey  to  the  American  Polar  Sea,  in  which  human  endur- 
ance was  tried  to  the  uttermost  compatible  with  human  existence,  as 
is  related  by  two  of  the  party  in  that  modest  but  thrilling  narrative 
which  will  ever  hold  a  unique  place  in  the  annals  of  geographical  dis- 
covery. Of  our  Indian  explorers  four  have  been  taken  away,  namely, 
Major- G-eneral  Sir  Andrew  Waugh,  for  many  years  Director  of  the 
Great  Trigonometrical  Survey  of  India ;  and  shortly  afterwards  his 
friend,  Col.  Montgomerie ;  Dr.  Oldham,  for  a  quarter  of  a  century 
the  Director  of  the  Geological  Society  of  India ;  and  Dr.  Thomas 
Thomson,  my  fellow-traveller  in  the  Himalaya,  whose  report  of  ex- 
plorations in  Western  Tibet  contains  the  first  connected  account  of 
the  physical  and  natural  features  of  that  remote  and  difficult  country. 
Lieut.-General  Cameron  survived  but  for  one  year  our  late  Fellow, 
Sir  Henry  James,  his  predecessor  in  the  Direction  of  the  Ordnance 
Survey  of  Great  Britain.  In  the  Rev.  James  Booth  we  have  lost 
a  mathematician  of  high  attainments.  The  Rev.  W.  B.  Clarke,  of 
New  South  Wales,  was  the  author  of  many  papers  on  the  Meteorology 
and  Geology  of  the  Cape  of  Good  Hope,  Australia,  and  the  Pacific. 
The 'Rev.  R.  Main,  Director  of  the  RadclifFe  Observatory,  was  for 
nearly  half  a  century  an  indefatigable  observer.  Lastly,  Earl  Russell, 
the  distingiiished  statesman,  and  the  earnest  advocate,  whether  in  the 
Gt)vemment  or  in  Parliament,  of  every  measure  for  the  promotion  of 
scientific  inquiry.  He  it  was  who,  when  Prime  Minister  in  1849,  wrote 
to  the  then  Earl  of  Rosse,  President  of  the  Society,  offering  to  place 
£1,000  (now  known  as  the  Government  Grant)  on  the  annual  votes  of 
Parliament,  if  the  Council  would  undertake  to  apportion  that  sum 
among  scientific  workers  requiring  aid  in  their  researches. 

Of  Foreign  Fellows  our  losses  are  a  great  Chemist  in  Becquerel,  of 
Paris,  whose  election  took  place  upwards  of  forty  years  ago ;  a  great 
Physiologist  in  Claude  Bernard,  also  of  Paris ;  the  father  of  Mycology, 
and  for  long  the  patriarch  of  Scandinavian  Botanists,  Ehas  Fries ; 
a  most  distinguished  Physicist  and  the  recipient  of  both  a  Rumford 
and  Copley  medal  in  Regnault ;  a  veteran  Anatomist  in  Weber ;  and 
in  Secchi,  of  Rome,  an  Astronomer  of  astonishing  activity,  the  author 
of  more  than  three  hundred  separate  contributions  to  the  science  of 
which  he  was  so  great  an  ornament. 

In  matters  of  Finance  I  may  with  satisfaction  refer  you  to  our 
Treasurer's  Balance  Sheets. 

It  will  be  in  your  recollection  that  Mr.  T.  J.  Phillips  Jodrell  placed 
in  1874  a  sum  of  £6,000  at  the  disposal  of  the  Society,  with  the  view 


1878.]  President's  Address.  45 

of  its  being  devoted  to  the  enconragement  of  Scientific  Research  by 
periodical  grants  to  investigators  whom  jour  Council  might  think  it 
expedient  thus  to  aid.  Shortly  after  the  receipt  of  this  munificent 
gift^  the  Government  announced  its  intention  of  devoting  annually  for 
five  years  £4,000  to  the  same  object,  thus  anticipating  the  special 
purpose  which  Mr.  Jodrell  had  in  view.  Thereupon,  with  his 
consent,  the  donation  was  temporarily  funded  and  the  proceeds 
applied  to  the  general  purposes  of  the  Society  until  some  other  scheme 
for  its  appropriation  should  be  approved.  In  April  last  I  received  a 
further  communication  from  Mr.  Jodrell,  declaring  it  to  be  his  wish 
and  intention  that,  subject  to  any  appropriation  of  the  sum  which  we 
might,  with  the  approval  of  the  Society,  make  during  his  lifetime,  it 
should  immediately  on  his  death  be  incorporated  with  the  Donation 
Fund,  the  annual  income  in  the  meantime  going  to  the  general  revenue 
of  the  Society.^  Upon  this  subject  I  have  now  to  state  that  since  the 
receipt  of  that  letter  Mr.  Jodrell  has  approved  of  £1,000  of  the  sum 
being  contributed  to  a  fund  presently  to  be  mentioned. 

I  have  also  to  inform  you  of  a  cheque  for  £1,000  having  been 
placed  in  my  hands  by  our  Fellow,  Mr.  James  Young,  of  Kelly,  to  be 
expended  in  the  interests  of  the  Society  in  such  manner  as  I  should 
approve. 

Mr.  De  La  Rue,  to  whose  beautiful  experiments  I  shall  have  occasion 
to  refer,  has  presented  to  the  Society  both  the  letterpress  and  the 
exquisitely  engraved  fac-similes  of  the  electric  discharges  described 
in  his  and  Dr.  Hugo  Miiller's  paper,  recently  published  in  our 
"  Transactions." 

Our  Fellow,  Dr.  Bigsby,  has  presented  seven  copies  of  his  "  Thesaurus 
Devonico-carboniferus*'  for  distribution,  and  they  have  been  distributed 
accordingly. 

A  very  valuable  addition  to  our  Gallery  of  deceased  Fellows  has 
been  the  gift  by  Mr.  Leonard  Lyell  of  a  copy  in  marble  by  Theed 
of  the  bust  of  his  uncle  the  late  Sir  Charles  Lyell,  F.R.S.,  together 
with  a  pedestal.  This  is  the  best  likeness  of  the  late  eminent  geo- 
logist that  has  been  execut^ed,  and  is  in  every  respect  a  satisfactory 
one. 

I  have  the  gratification  of  announcing  to  you,  that  through  the  muni- 
ficence of  a  small  number  of  Fellows,  means  have  been  advanced  for 
reducing  the  fees  to  which  all  ordinary  Fellows  in  future  elected  will 
be  liable.  That  these  fees,  though  not  higher  than  the  most  econo- 
mical expenditure  on  the  part  of  the  Society  for  its  special  purposes 
demanded,  were  higher  than  it  was  expedient  to  maintain  if  any 
possible  means  for  reducing  them  could  be  obtained,  was  not  only 
my  own  opinion  but  that  of  many  Fellows.  They  exceed  those  of 
any  other  scientific  society  in  England  or  abroad;  their  amount  haA 
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occasionally  prevented  men  of  great  merit  from  having  their  names 
brought  forward  as  candidates,  and  they  press  heavily,  especially  upon 
those  who,  with  limited  incomes,  have  other  scientific  societies  to  snb- 
scribe  to.  Nor  does  it  appear  to  me  as  otherwise  than  regrettable  that 
so  high  an  honour  as  Fellowship  of  the  Royal  Society,  the  only  one  of 
the  kind  in  England  that  is  limited  as  to  the  number  annually  elected, 
and  selective  in  principle,  should  be  attainable  only  at  a  heavy 
pecuniary  expenditure.  It  is  true  that  our  Fellows  receive  annually 
in  return  publications  of  great  value  to  Science  generally;  but 
these  treat  of  so  many  branches  of  knowledge  that  it  is  but  a  fraction 
of  each  that  can  materially  benefit  the  recipient,  while  their  bnlk 
entails  an  additional  expenditure ;  and  now  that  the  individual  papers 
published  in  the  *'  Transactions ''  are  separately  obtainable,  the  advan- 
tages  of  Fellowship  are  less  than  they  were  when  to  obtain  a  treatise  on 
his  own  subject  a  specialist  had  either  to  join  the  Society,  or  to  pur- 
chase a  whole  volume  or  a  large  part  of  it  annually. 

It  was  not,  however,  till  I  had  satisfied  myself  that  the  annual 
income  of  the  Society,  though  not  ample,  was  sufficient  for  its  ordinary 
purposes,  that  its  prospects  in  other  points  of  view  were  good,  and  that 
the  expenditure  upon  publication  was  the  main,  if  not  the  sole,  obstacle 
to  a  reduction  of  fees,  that  I  consulted  your  Treasurer  on  the  subject 
of  taking  steps  to  attain  this  object. 

My  first  idea  was  to  create,  by  contributions  of  small  amoant,  a  fond 
the  interest  of  which  should  be  allowed  to  accumulate ;  and  when  the 
income  of  the  accumulated  capital  reached  a  sufficient  amount  to 
enable  the  Society  to  take  the  step  without  loss  of  income,  to  reduce 
either  the  entrance  fee  or  annual  contribution ;  and  to  which  fund 
Mr.  Young's  gift  should  be  regarded  as  the  first  donation. 

This  proposal  was  in  so  far  entertained  by  your  Council  that  they 
resolved  to  establish  a  Publication  Fund,  and  to  place  Mr.  Young's 
gift  to  the  credit  thereof;  and  further,  appointed  a  Committee  to 
consider  and  report  upon  the  Statutes  of  the  Society  concerning  the 
fees. 

The  movement  once  set  on  foot  met  with  an  unexpectedly  enthu- 
siastic reception,  several  Fellows  with  the  best  means  of  forming  a 
judgment,  not  only  approved  of  it,  but  offered  liberal  aid,  urging 
that  the  reduction  of  fees  should  be  the  first  and  immediate  object, 
and  that  if  such  a  course  were  thought  desirable,  the  means  of  carrying 
it  out  would  surely  be  forthcoming.  On  this  your  Treasurer  pre- 
pared for  ray  consideration  a  plan  for  raising  £10,000,  the  sum  re- 
quired for  effecting  any  material  reduction  ;  and  we  resolved  to  ascer- 
tain by  private  inquiry  whether  so  large  an  amount  could  be  ob- 
tained. 

Here  again  our  inquiries  were  responded  to  in  a  spirit  of,  I  may  say, 
unexampled  liberality :  in  a  few  weeks  upwards  of  £8,000  was  given 
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or  promised  by  twenty  Fellows  of  the  Society,  and  I  need  hardly  add 
that  the  remaining  £2,000  was  contributed  very  shortly  afterwards. 
At  a  subsequent  meeting  of  the  Council  it  was  resolved : — 

1. — That  the  sums  referred  to  as  the  Publication  Fund,  as  well 
as  those  received  or  that  may  be  hereafter  received,  for  the 
purpose  of  relieving  future  ordinary  Fellows  from  the  Entrance 
Fee,  and  for  reducing  their  Annual  Contribution,  be  formed  into 
one  ftmd. 

2. — That  the  Entrance  Fee  for  ordinary  Fellows  be  henceforth 
abolished ;  and  that  the  Annual  Contribution  for  ordinary  Fellows 
hereafter  elected  be  £3  (three  pounds).  Also,  that  the  income  of 
the  Fund  above-mentioned  be  applied,  so  far  as  is  requisite,  to 
make  up  the  loss  to  the  Society  arising  from  these  remissions  and 
reductions. 

3. — That  the  account  of  this  Fund  be  kept  separate ;  and  that 
the  annual  surplus  of  income,  after  providing  for  the  remission 
and  reduction  above  recommended,  be  re-invested,  until  the  in- 
come from  the  Fund  reaches  £600.  So  soon  as  the  annual  income 
reaches  this  amount,  any  surplus  of  income  in  any  year,  after 
providing  for  the  remission  and  reduction  above-mentioned,  shall 
be  available,  in  the  first  instance,  in  aid  of  publication  and  for 
the  promotion  of  research. 

A  list  of  subscribers  to  this  Fund  will  be  placed  in  the  hands  of 
every  Fellow,  with  the  information  that  it  will  be  kept  open  for  future 
contributions,  in  the  interests  of  research  and  of  the  Society's  publica- 
tions. I  hope  that  it  will  be  largely  and  speedily  augmented,  and  that 
it  may  eventually  reach  an  amount  which  will  provide  us  with  the 
means  of  accomplishing  as  much  as  is  effected  by  the  Government 
Fund,  upon  our  own  sole  and  undivided  responsibility.  I  must  not 
conclude  my  notice  of  this  movement  without  a  mention  of  those  whose 
encouragement  and  liberality  have  most  largely  promoted  it ;  and  first 
of  all,  Mr.  Spottiswoode,  to  whose  counsel  and  active  co-operation 
throughout,  its  success  is  mainly  due ;  Messrs.  Young's  and  JodrelPs 
contributions  have  already  been  mentioned,  they  have  been  supported 
by  others  :— £2,000  from  Sir  Joseph  Whitworth,  £1,000  from  Sir 
W.  Armstrong,  and  £500  each  from  His  Grace  the  Duke  of  Devon- 
shire, Mr.  De  La  Rue,  Mr.  Spottiswoode  and  Mr.  Eyre  (jointly). 
Dr.  Siemens,  and  the  Earl  of  Derby,  and  £250  from  Dr.  Gladstone. 
The  balance  comprises  contributions  by  thirty-two  Fellows. 

I  have  to  mention  your  obligations  to  Dr.  W.  Farr  for  the  labour 
he  has  bestowed  in  ascertaining  those  vital  and  other  statistics  of  the 
Society,  upon  an  accurate  knowledge  of  which  the  calculations  for  the 
reduction  of  fees  had  to  be  based  ;  and  to  Mr.  Bramwell  for  construct- 
ing a  table  showing  to  what   extent  these  changes  will  affect  t\i<^ 
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Society's  present  and  future  income.  It  may  interest  you  to  know  that 
the  contribution  of  ordinary  Fellows  in  future  to  be  elected,  is  bat 
little  over  that  which  was  required  of  all  Fellows  from  the  ▼ery 
commencement  of  the  Society's  existence  till  1823,  namely,  1<.  per 
week,  and  that  the  last  Fellows  who  paid  that  sum  died  in  1869. 

Looking  back  over  the  five  years  during  which  I  have  occupied  this 
chair,  I  recognise  advances  in  scientific  discovery  and  research  at 
home  and  abroad  far  greater  than  any  previous  semi-decade  can 
show.  1  do  not  here  allude  to  such  inventions  as  the  Telephone, 
Phonograph,  and  Microphone,  wonderful  as  they  are,  and  promising 
immediate  results  of  great  importance  to  the  community ;  nor  even  to 
those  outcomes  of  high  attainments,  the  Harmonic  Analyser  of 
Sir  W.  Thomson,  and  the  Bathometer  and  Gh^vitation  Meter  of 
Siemens ;  but  to  those  discoveries  and  advances  which  appeal  to 
the  seeker  of  knowledge  for  its  own  sake,  whether  as  developing 
principles,  suggesting  new  fields  of  research,  or  awakening  attention 
to  hitherto  unseen  or  unrecognised,  or  unexplained  phenomena  of 
nature,  and  of  which  the  Radiometer  and  Otheoscope  of  Grookes  are 
conspicuous  examples. 

In  the  foremost  rank  as  regards  the  magnitude  of  the  undertakings 
and  the  combination  of  means  to  carry  them  out,  nothing  in  the  history 
of  physical  science  can  compare  with  the  Transit  of  Venus  Expeditions. 
To  observe  the  Transit  of  Venus  various  nations  of  Europe  and  the 
United  States  competed  as  to  the  completeness  of  the.  Expeditions 
they  severally  equipped.  The  value*  of  the  solar  parallax  cannot  be 
ascertained  until  the  results  of  all  the  Expeditions  are  taken  into 
account,  when  it  will  have  an  international  claim  to  acceptance.  But 
advances  in  this  direction  will  not  have  ended  here,  the  very  difficul- 
ties attending  the  observation  of  the  Transit  of  Venus,  having  directed 
attention  to  the  method  originally  suggested  by  the  Astronomer 
Boyal  in  1857,  of  obtaining  the  solar  parallax  from  the  diurnal 
parallax  of  Mars  at  its  opposition. 

Mr.  Gill  by  the  skilful  employment  at  Ascension  Island  of  the 
heliometer  lent  by  Lord  Lindsay,  has  greatly  increased  the  accuracy 
of  the  method  by  which  the  necessary  star  comparisons  with  Mars  are 
made,  and  there  is  every  reason  to  believe  that  the  results  of  his 
observations  which  are  now  in  course  of  reduction  will  be  very  satis- 
factory. 

Within  the  last  two  years  a  remarkable  addition  has  been  made  to 

*  The  Astronomer  Kojal  informs  me  that  Captain  Tupman,  who  has  taken  the 
principal  share  in  the  superintendence  of  the  calculation,  fixes  proTisionally  on  a 
mean  parallax  of  8"-8455,  corresponding  to  a  distance  of  92,400,000  British  miles,  bnt 
that  the  ohsenrations  would  ho  fairly  satisfied  by  any  parallax  between  8''*82  and 
S^'-SS,  which  in  distance  produces  a  range  of  from  92,044,000  and  92,770,000  miles, 
differing  by  726,000  miles,  a  quantity  almost  equal  to  the  sun's  diameter. 
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the  number  of  members  of  the  solar  system  bj  Professor  Asaph  Hairs 
discoYerj  of  the  satellites  of  Mars;  and  more  recently,  Professor 
Wateon  has  annonnced  his  detection  of  planetary  bodies  within  the 
orbit  of  Mercury,  daring  the  Solar  Eclipse  which  was  visible  in 
America. 

Id  1876  Schmidt  recorded  an  outburst  of  light  in  a  star  in  Cygnus, 
which  showed  a  continaons  spectram  containing  bright  lines  similar 
to  those  of  the  remarkable  star  of  1866.  As  the  star  waned  the 
continuous  spectram  and  bright  lines  faded,  all  bnt  one  bright  line  in 
the  green,  giving  the  object  the  spectroscopic  appearance  of  a  small 
gaseous  nebula. 

Ghreat  progress  has  been  made  daring  the  last  five  years  at  Green- 
wich in  the  method  of  determining  the  motions  of  the  heavenly 
bodies  by  the  displacement  of  the  lines  in  their  spectra,  as  first 
successfully  accomplished  by  Mr.  Huggins  in  1868.  Not  only  do 
the  results  obtained  by  the  stars  observed  at  Greenwich  agree 
with  those  of  Mr.  Huggins,  as  satisfactorily  as  can  be  expected 
in  so  delicate  an  investigation,  but  the  motions  of  seventeen  more  have 
been  determined  ;  while  the  trostworthiness  of  the  method  has  been 
shown  by  the  agreement  of  the  values  for  the  rotation  of  the  sun  and 
the  motions  of  Venus,  with  the  known  movements  of  these  bodies. 
Mr.  Huggins  has  also  obtained  photographs  of  the  spectra  of  some  of 
the  brighter  stars,  which  give  well  defined  lines  in  the  violet  and  ultra- 
violet parts  of  the  spectrum.  These  spectra  have  already  shown 
alterations  in  the  lines  common  to  them  and  the  sun,  which  are  of 
much  interest. 

In  Solar  Physics,  which  afford  remarkable  evidence  of  Mr.  Lockyer's 
energetic  labours  in  this  country  and  Mr.  -Tanssen's  in  France,  I  must 
mention  our  Foreign  Member's  wonderful  photographs  of  the  sun, 
wherein  the  minutest  of  the  constant  changes  in  the  granulations 
exhibited  on  its  surface  (and  which  vary  in  size  from  -^^  of  a  second 
to  3  or  4  seconds)  can  be  studied  in  future  from  hour  to  hour  and  day 
to  day;  as  can  also  their  different  behaviour  at  different  periods  of 
the  occurrence  of  sun-spots. 

Before  dismissing  this  fruitful  field  of  research,  I  must  allude  to 
Mr.  Lockyer's  discovery  of  carbon  in  the  sun  ;  and  to  his  announced 
but  not  yet  published  observations  on  the  changes  and  modifications 
of  spectra  under  different  conditions,  some  of  which  he  even  regards 
as  indicating  the  breaking  up  of  the  atoms  of  bodies  hitherto  re- 
garded as  elementary. 

Some  important  investigations  on  the  Electric  Discharge  have  been 
communicated  to  the  Society  by  Messrs.  De  La  Rue  and  Miiller,  and 
by  Mr.  Spottiswoode.  These,  prosecuted  by  different  means,  tend  to 
Kmit  the  possible  causes  of  the  stratification  observed  in  discharges 
through  vacuum  tubes.     They  also  point  to  the  conclusion   tiiai  ^\^ 
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phenomenon  is  in  a  great  measure  due  to  motions  among  the  mole- 
cules of  the  residual  gas,  which  themselves  become  vehicles  for  the 
transmission  of  Electricity  through  the  tube.  It  is  well  known  that 
gases  at  atmospheric  pressure  offer  great  resistance  to  the  passage  of 
Electricity ;  and  that  this  resistance  diminishes  (to  a  certain  limit, 
different  for  different  gases)  with  the  pressure.  And  the  researches 
in  question  appear  to  show  that  the  discharge,  manifestly  disruptive 
at  the  higher  pressures,  is  really  also  disruptive  even  at  pressures  when 
stratification  takes  place.  The  period  of  these  discontinuoas  dis- 
charges has  not  yet  been  the  subject  of  measurement,  but  it  must,  in 
any  case,  be  extremely  rapid. 

The  remarkable  experiments  which  have  resulted  in  the  lique&ction 
of  the  gases  hitherto  regarded  as  permanent  will  be  noticed  presently 
when  I  deliver  to  their  authors  the  medals  they  so  richly  deserve. 

Under  the  auspices  of  the  Elder  Brethren  of  the  Trinity  House, 
and  as  their  scientific  adviser,  Prdfessor  Tyndall  has  conducted  an 
investigation  on  the  acoustic  properties  of  the  atmosphere.  The 
instruments  employed  included  steam  whistles,  trumpets,  steam  syrens, 
and  guns.  The  propagation  of  sound  through  fog  was  proved  to 
depend  not  upon  the  suspended  aqueous  particles,  but  upon  the  con- 
dition of  the  sustaining  air.  And  as  air  of  great  homogeneity  is  the 
usual  associate  of  fog,  such  a  medium  is  often  astonishingly  transparent, 
to  sound.  Hail,  rain,  snow,  and  ordinary  misty  weather,  were  also 
proved  to  offer  no  sensible  obstruction  to  the  passage  of  sound.  Every 
phenomenon  observed  upon  the  large  scale  was  afterwards  repro- 
duced experimentally.  Clouds,  fumes,  and  artificial  showers  of  rain, 
hail,  and  snow  were  proved  quite  ineffectual  to  stop  the  sound,  so  long 
as  the  air  was  homogeneous,  while  the  introduction  of  a  couple  of 
burners  into  a  space  filled  with  acoustically  transparent  air  soon 
rendered  it  impervious  to  the  waves  of  sound.  As  long  as  the  con- 
tinuity of  the  air  in  their  interstices  was  preserved,  the  sound-waves 
passed  freely  through  silk,  flannel,  green  baize,  even  through  masses 
of  hard  felt  half  an  inch  in  thickness,  the  same  sound-waves  being 
intercepted  by  goldbeater's  skin.  A  cambric  handkerchief  which, 
when  dry,  offered  no  impediment  to  their  passage,  when  dipped  into 
water  became  an  impassable  barrier  to  the  sound-waves. 

Echoes  of  extraordinary  intensity  were  sent  back  from  non- 
homogeneous  transparent  air;  while  similar  echoes  were  aflerwards 
obtained  from  the  air  of  the  laboratory,  rendered  non-homogeneous 
by  artificial  means.  Detached  masses  of  non-homogeneous  air  often 
drift  through  the  atmosphere,  as  clouds  pass  over  the  face  of  the 
sky.  This  has  been  proved  by  the  fluctuations  observed  with  bells 
having  their  clappers  adjusted  mechanically,  so  as  to  give  a  uniform 
stroke.  The  fluctuations  occur  only  on  certain  days ;  they  occur  when 
care  has  been  taken  to  perfectly  damp  the  bell  between  every  two  sue- 
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oeeding  strokes ;  and  tbey  also  occur  when  the  direction  of  the  sonnd  is 
at  right  angles  to  that  of  the  wind.  Numerous  observations  were  also 
made  on  the  influence  of  the  wind,  the  results  obtained  hj  previous 
observers  being  thereby  confirmed.  From  his  own  observations,  as  well 
as  from  the  antecedent  ones  of  Mr.  Alexander  Beazelej  and  Professor 
Osborne  Bejnolds,  Professor  Tyndall  concludes  that  the  explanation  of 
this  phenomenon  given  by  Professor  Stokes  is  the  true  one. 

Turning  now  to  biological  branches  of  Science,  I  find  that  the  dis- 
coveries and  researches  of  the  past  five  years  in  this  department  also 
are  far  in  advance  of  those  of  any  previous  period  of  equal  length. 
The  '*  Challenger  "  Expedition  was,  in  point  of  the  magnitude  of  the 
undertaking  and  completeness  of  its  equipment,  the  rival  of  that  for 
observing  the  Transit  of  Venus.  Its  general  results,  as  far  as  hitherto 
made  known,  have  been  dwelt  upon  in  my  previous  addresses,  and 
the  pubh'cation  of  them  in  detail  is  being  rapidly  pushed  forward. 
Some  very  important  papers  by  Mr.  Moseley  on  the  Corals  collected 
on  the  voyage  have  indeed  been  published  in  our  "  Transactions " 
with  admirable  illustrations  by  himself. 

To  the  Botanist  and  Geologist  no  subject  has  a  greater  interest  than 
that  of  the  conditions  under  which  the  successive  Floras,  which  in- 
habited the  polar  area,  existed  and  were  successively  dispersed  over 
lower  latitudes  previous  to  their  extinction,  some  in  toto  and  over  the 
whole  globe,  while  others,  though  extinct  in  the  regions  where  they  once 
flourished,  exist  now  only  in  lower  latitudes  under  identical  or  under 
representative  forms.  It  is  only  during  the  last  few  years  that,  thanks  to 
the  labours  of  those  engaged  in  systematic  Botany  in  tracing  accurately 
the  directions  of  migrations  of  existing  genera  and  species,  and  in 
determining  the  affinities  of  the  extinct  ones,  and  of  Paladontologists 
in  referring  the  latter  to  their  respective  geological  horizons,  that 
any  material  advance  has  been  made  towards  a  knowledge  of  the 
origin  and  distribution  of  earlier  and  later  Floras.  I  cannot  better 
illustrate  the  condition  of  this  inquiry  than  by  calling  your  attention 
to  two  publications  on  the  subject,  which  have  appeared  within  the 
last  few  months. 

As  a  contribution  to  the  principles  of  Geographical  Botany,  Count 
Gaston  de  Saporta*s  essay,  entitled  "  L'Ancienne  Vegetation  Polaire  " 
(which  appeared  in  the  "  Comptes  Rend  us "  of  the  French  Inter- 
national Geographical  Congress)  is  a  very  suggestive  one,  and  having 
regard  especially  to  its  author's  eminence  as  a  geologist  and  palaeonto- 
logist, is  sure  to  command  attentive  study.  Although  it  may  be  argued 
that  neither  is  solar  nor  terrestrial  physics,  nor  Geology,  nor  Palsaonto- 
logy  in  a  sufficiently  advanced  condition  to  warrant  the  acceptation 
as  fully  established  truths  of  all  the  conclusions  therein  advanced,  still 
the  array  of  &ct8  adduced  in  evidence  of  these  conclusions  ia  ver^  \m- 
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posing,  while  the  ability  and  adroitness  with  which  they  are  brought 
to  bear  on  the  subject  are  almost  worthy  of  the  great  French  genius 
whose  specalations  form  the  starting-point  of  the  theory,  which  is 
that  life  appeared  first  in  the  northern  circampolar  area  of  the  globe, 
and  that  this  was  the  birthplace  of  the  first  and  of  all  anbeequent' 
Floras. 

I  should  premise  that  Count  Saporta  professedly  bases  his  specula* 
tions  upon  the  labours  of  his  friend,  Professor  Heer,  whose  reasonings 
and  speculations  he  ever  puta  forward  with  generous  appreciation, 
while  difPering  from  him  wholly  on  the  subject  of  evolution,  of  which 
he  is  an  uncompromising  supporter;  Professor  Heer  holding  to  the 
doctrine  of  the  sporadic  creation  of  species. 

In  his  "  Epoques  de  la  Nature  "  Buff  on  argues  that  the  cooling  of  the 
fo^lobe,  having  been  a  gradual  process,  the  polar  regions  must  have 
been  the  first  in  which  the  heat  was  sufficiently  moderate  for  life  to 
appear  upon  it;  that  other  regions  being  as  yet  too  hot  to  give 
origin  to  organised  beings,  a  long  period  must  have  elapsed,  during 
which  the  northern  regions,  being  no  longer  incandescent,  as  they  and 
all  others  originally  were,  must  have  had  the  same  temperature  as  the 
tropical  regions  now  possess. 

Starting  from  this  thesis.  Count  Saporta  proceeds  to  assume  that 
the  termination  of  the  Azoic  period  coincided  with  a  cooling  of  the 
water  to  the  point  at  which  the  coagulation  of  albumen  does  not  take 
place;  and  that  then  organic  life  appeared,  not  in  contact  with  the 
atmosphere,  but  in  the  water  itself.  Not  only  does  he  regard  life 
as  originating,  if  not  at  the  North  Pole,  at  least  near  to  it,  but  he 
holds  that  for  a  long  period  life  was  active  and  reproductive  only  there. 
In  evidence  of  this  he  cites  various  geological  facts,  as  that  the  older, 
and  at  the  same  time  the  richest,  fosilliforous  beds  are  found  in  the 
cool  latitudes  of  the  North,  namely  in  lats.  60**  to  60**,  and  beyond 
them.  It  is  in  the  North,  he  says,  that  Silurian  formations  occur,  and 
though  they  extend  as  far  south  as  lat.  35**  N.  in  Spain  and  America, 
the  most  characteristic  beds  are  found  in  Bohemia,  England,  Scandi- 
navia, and  the  United  States.  The  Laurentian  rocks  again,  he  say^, 
reax;h  their  highest  development  in  Canada,  and  Paladozoic  rocks  cover 
a  considerable  polar  area  north  of  the  American  great  lakes,  and 
appear  in  the  coasts  of  Baffin's  Bay,  and  in  parts  of  Greenland  and 
Spitzbergen.  It  is  the  same  with  the  Upper  Devonian  and  marine 
carboniferous  beds  preceding  the  coal  formations ;  these  extend  to  76** 
N.  in  the  polar  islands  and  in  Greenland,  and  to  79**  N.  in  Spitzbergen, 
and  he  adds  that  M.  d'Archiac  has  long  ago  remarked  that,  though  so 
continuous  to  the  northward,  the  coal-beds  become  exceptional  to  the 
southward  of  35**  N.  Hence  Count  Saporta  concludes  that  the  climatic 
conditions  favourable  to  the  formation  of  coal  were  not  everywhere 
prevalent  on  the  globe,  for  that  while  the  southern  limit  of  this  forma- 
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iion  majbe  approximately  drawn,  its  northern  mast  have  extended  to 
the  Pole  itself. 

I  pass  over  Saporta*s  speculations  regarding  the  initial  condi- 
tions of  terrestrial  life,  which  followed  upon  the  emergence  of  the 
earlier  stratified  rocks  from  the  Polar  Oceau,  and  proceed  to  his  dis- 
cussion of  the  climate  of  the  carboniferous  epoch  as  indicated  by  the 
characters  of  its  vegetation,  and  of  the  conditions  under  which  alone 
he  conceives  this  can  have  flourished  in  latitudes  now  continuously 
deprived  of  solar  light  throughout  many  months  of  the  year.  In  the 
first  place,  he  accepts  Heer*s  conclusions  (founded  on  the  presence  of 
a  tree-fern  in  the  coal  measures  specifically  similar  to  an  existing 
tropical  one),  that  the  climate  was  warm,  moisk,  and  equable,  and 
continuously  so  over  the  whole  globe,  without  distinction  of  latitude. 
This  leads  him  to  ask  whether,  when  the  polar  regions  were  inhabited 
by  the  same  species  as  Europe  itself,  they  could  have  been  exposed  to 
conditions  which  turned  their  summers  into  a  day  of  many  months' 
duration,  and  their  winters  into  a  night  of  proportional  length  ? 

A  temperature  so  equable  throughout  the  year  as  to  favour  a  rich 
growth  of  Cryptogamic  plants,  appears,  he  says,  to  be  at  first  sight 
incompatible  with  such  alternating  conditions  as  a  winter  of  one  long 
night  and  a  summer  of  one  long  day ;  but  equability,  even  in  high 
latitudes,  may  be  produced  by  the  effect  of  fogs  due  to  southerly 
warm  oceanic  currents,  such  as  bathe  the  Orkneys  and  even  Bear 
Island  (in  lat.  75°  N.),  and  render  their  summers  cool  and  winters 
mild.  To  the  direct  effects  of  these  he  would  add  the  action  of  such 
fogs  in  obstructing  terrestrial  radiation,  and  hence  preventing  the  evil 
effects  which  its  cold  would  otherwise  induce ;  and  he  would  further 
efface  the  existing  conditions  of  a  long  winter  darkness  by  the  hypo- 
thesis that  the  solar  light  was  not,  daring  the  formation  of  the  coal, 
distributed  over  the  globe  as  it  now  is,  but  was  far  more  diffusive,  the 
solar  body  not  having  yet  arrived  at  its  present  state  of  condensation. 

That  the  polar  area  was  the  centre  of  origination  for  the  successive 
phases  of  vegetation  that  have  appeared  in  the  globe  is  evidenced, 
under  Count  Saporta's  view,  by  the  fact  that  all  formations,  Car- 
boniferoas,  Jurassic,  Cretaceous,  and  Tertiary,  are  alike  abundantly 
represented  in  the  rocks  of  that  area,  and  that,  in  each  case,  their 
constitn tents  closely  resemble  that  of  much  lower  latitudes.  The 
first  indications  of  the  climate,  cooling  in  these  regions  is  afibrded  by 
CwUferm^  which  appear  in  the  polar  lower  Cretaceous  formations. 
These  are  followed  by  the  first  appearance  of  Dicotyledons  with 
decidaons  leaves,  which  again  marks  the  period  when  the  summer 
and  winter  season  first  became  strongly  contrasted.  The  introduction 
of  these  (deciduous-leaved  trees)  he  regards  as  the  greatest  revolution 
in  vegetation  that  the  world  has  seen ;  and  he  conceives  that  once 
evolved  they  increased,  both  in  multiplicity  and  in  diversity  oi!  ioxm^ 
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with  great  rapidity,  and  not  in  one  spot  only,  and  continued  to  do  so 
down  to  the  present  time. 

Lastly,  the  advent  of  the  Miocene  period,  in  the  polar  area,  was 
accompanied  with  the  production  of  a  profusion  of  genera,  the  majority 
of  which  have  existing  representatives  which  must  now  be  sought  in  a 
latitude  40°  farther  south,  and  to  which  they  were  driven  by  the 
advent  and  advance  of  the  glacial  cold ;  and  here  Count  Saporta's 
conclusions  accord  with  those  of  Professor  A.  Gray,  who  first  showed, 
now  twenty  years  ago,  that  the  representatives  of  the  elements  of  the 
United  States  Flora  previously  inhabited  high  northern  latitudes,  from 
which  they  were  driven  south  during  the  Glacial  period. 

Perhaps  the  most  novel  idea  in  Count  Saporta*s  Essay  is  that  of  the 
diffused  sunlight  which  (with  a  densely  clouded  atmosphere),  the 
author  assumes  to  have  been  operative  in  reducing  the  contrast 
between  the  polar  summers  and  winters.  If  it  be  accepted  it  at 
once  disposes  of  the  difficulty  of  admitting  that  evergreen  trees 
survived  a  long  polar  winter  of  total  darkness,  and  a  summer  of  con- 
stant stimulation  by  bright  sunlight ;  and  if,  further,  it  is  admitted 
that  it  is  to  internal  heat  we  may  ascribe  the  tropical  aspect  of  the 
former  vegetation  of  the  polar  region,  then  there  is  no  necessity  for 
assuming  that  the  solar  system  at  those  periods  was  in  a  warmer  area 
of  stellar  space,  or  that  the  position  of  the  poles  was  altered,  to  account 
for  the  high  temperature  of  Pre- Glacial  times  in  high  northern 
latitudes ;  or,  lastly,  that  the  main  features  of  the  great  continents 
and  oceans  were  very  different  in  early  geological  times  from  what 
they  now  are.  Count  Saporta's  views  in  certain  points  coincide 
with  those  of  Professor  Le  Conte  of  California,  who  holds  that  the 
uniformity  of  climates  during  earlier  conditions  of  the  globe  is  not 
explicable  by  changes  in  the  position  of  the  poles,  but  is  attributable 
to  a  higher  temperature  of  the  whole  globe,  whether  due  to  external  or 
internal  causes,  to  the  great  amount  of  carbonic  acid  and  water  in  the 
atmosphere,  which  would  shut  in  and  accumulate  the  sun's  heat, 
according  to  the  principles  discovered  by  Tyndall  and  applied  by 
Sterry  Hunt  in  explanations  of  geological  times.  Le  Conte,  however, 
admits  the  possibility  of  the  earth's  having  occupied  a  warmer  position 
in  stellar  space,  of  its  having  exhibited  a  more  uniform  distribution  of 
surface  temperature,  and  a  different  distribution  of  land  and  water.* 

Before  Count  Saporta's  Essay  had  reached  this  countryf  another 
contribution  to  the  subject  of  the  origin  of  existing  Floras  had  been 
communicated  to  our  own  Geographical  Society,  by  Mr.  Thiselton 
Dyer,  in  a  Lecture  on  "  Plant  Distribution  as  a  field  for  Geographical 

•  Professor  Jos.  Le  Conte,  in  "  Nature,"  October  24, 1878,  p.  668. 

t  Count  Saporta's  Essay  -was  presented  to  the  International  Congress  of  Qeo- 
graphical  Science  which  met  in  Paris  in  1875,  and  was  not  received  by  m«  till  the 
autumn  of  1878,  though  it  bears  the  date  1877  on  the  title  pace. 
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Researcli.**  Mr.  Thiselton  Dyer's  order  of  procednre  is  the  reverse 
of  Count  Saporta's,  and  his  method  entirely  different.  He  first  gives 
a  very  clear  outline  of  the  distribution  of  the  principal  existing 
Floras  of  the  continents  and  islands  of  the  globe,  their  composition, 
and  their  relations  to  one  another,  and  to  those  of  previous  geological 
epochs.  He  then  discusses  the  views  of  botanists  respecting  their 
origin  and  distinctive  characters,  and  availing  himself  of  such  of  their 
hypotheses  as  he  thinks  tenable,  correlates  these  with  those  of 
palaeontologists,  and  arrives  at  the  conclusion  ''  That  the  northern 
hemisphere  has  always  played  the  most  important  part  in  the  evolution 
and  distribution  of  new  vegetable  types,  or  in  other  words,  that  a 
greater  number  of  plants  has  migrated  from  north  to  south  than  in  the 
reverse  direction,  and  that  all  the  great  assemblages  of  plants  which 
we  call  Floras,  seem  to  admit  of  being  traced  back  at  some  time  in 
their  history  to  the  northern  hemisphere.*'  This  amount  of  accordance 
between  the  results  of  naturalists  working  wholly  independently,  from 
entirely  different  stand-points,  and  employing  almost  opposite  methods, 
cannot  but  be  considered  as  very  satis&etory.  I  will  conclude  by 
observing  that  there  is  a  certain  analogy  between  two  very  salient 
points  which  are  well  brought  out  by  these  authors  respectively.  Count 
Saporta,  looking  to  the  past,  makes  it  appear  that  the  fact  of  the 
several  Floras  which  have  flourished  on  the  globe  being  successively 
both  more  localised  and  more  specialised,  is  the  natural  result  of  con- 
ditions to  which  it  is  assumed  our  globe  has  been  successively  sub- 
jected. Mr.  Dyer,  looking  to  the  present,  makes  it  appear  that  the 
several  Floras  now  existing  on  the  globe  are,  in  point  of  affinity  and 
specialisation,  the  natural  results  of  the  conditions  to  which  they  must 
have  been  subjected  during  recent  geological  time  on  continents  and 
islands  with  the  configuration  of  those  of  our  globe. 

The  modem  development  of  botanical  science,  being  that  which 
occupies  my  own  attention,  is  naturally  that  on  which  I  might  feel 
especially  inclined  to  dweU  ;  and  I  should  so  far  have  the  excuse  that 
there  is,  perhaps,  no  branch  of  research  with  the  easly  progress  of 
which  this  Society  is  more  intimately  connected. 

One  of  our  earliest  Secretaries,  Robert  Hooke,  two  centuries  ago, 
laboured  long  and  successfully  in  the  improvement  of  the  microscope 
as  an  implement  of  investigation.  He  was  one  of  the  first  to  reap  the 
harvest  of  discovery  in  the  new  fields  of  knowledge  to  which  it  was 
the  key,  and  if  the  results  which  he  attained  have  rather  the  air 
of  spoils  gathered  hither  and  thither  in  a  treasury,  the  very  fulness 
of  which  was  embarrassing,  we  must  remember  that  we  date  the 
starting  point  of  modem  histology  from  the  account  given  by  Hooke 
in  his  "  Micrographia "  (1667)  of  the  structure  of  cork,  which  had 
attracted  his  interest  from  the  singularity  of  its  physical  propertieE. 
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Hooke  demonstrated  its  cellular  structure^  and  by  an  interesting  coin- 
cidence he  was  one  of  the  first  to  investigate,  at  the  request,  indeed, 
of  the  founder  of  the  Society,  Charles  II,  the  movements  of  the  sensi- 
tive plant  Mimosa  pudica — one  of  a  class  of  phenomena  which  is  still 
occupying  the  attention  of  more  than  one  of  our  Fellows.  In  attribut- 
ing the  loss  of  tnrgescence,  which  is  the  cause  of  the  collapse  of  the 
petiole  and  subordinate  portions  of  the  compound  leaf  which  it  supports, 
to  the  escape  of  a  subtle  humour,  he  to  some  extent  foreshadowed  the 
modem  view  which  attributes  the  collapse  of  the  cells  to  the  escape  of 
water  by  some  mechanism  far  from  clearly  understood — ^whether  from 
the  cell-cavities,  or  from  the  cell- walls  into  the  intercellular  spaces. 

Hooke  having  shown  the  way,  Nehemiah  Grew,  who  was  also 
Secretary  of  the  Royal  Society,  and  Marcello  Malpighi,  Professor  of 
Medicine  in  the  University  of  Bologna,  were  not  slow  to  follow  it. 
Almost  simultaneously  (1671-3)  the  researches  of  these  two  indefati- 
gable students  were  presented  to  the  Koyal  Society,  and  the  publication 
of  two  editions  of  Malpighi's  works  in  London  proves  how  entirely 
this  country  was  at  that  time  regarded  as  the  head  quarters  of  this 
branch  of  scientific  inquiry.  We  owe  to  them  the  generalisation  of 
the  cellular  structure,  which  Hooke  had  ascertained  in  cork,  for  all 
other  vegetable  tissues.  They  described  also  accurately  a  host  of 
microscopic  structures  then  made  known  for  the  first  time.  Thus, 
to  give  one  example.  Grew  figured  and  described  in  several  different 
plants  the  stomata  of  the  epidermis : — *'  Passports,'*  as  he  writes,  either 
"  for  the  better  avolation  of  superfluous  sap,  or  the  admission  of  air." 

With  the  exception  of  Leeuwenhoek  no  observer  attempted  to  make 
any  substantial  addition  to  the  labours  of  Grew  and  Malpighi  for 
more  than  a  century  and  a  half ,  and  however  remarkable  is  the  impolse 
which  he  gave  to  morphological  studies,  the  view  of  Caspar  WolfiE  in 
the  middle  of  the  18th  century  (1759),  in  regarding  cells  as  the 
result  of  the  action  of  an  organizing  power  upon  a  matrix,  and  not 
as  themselves  influencing  organization,  were  adverse  to  the  progress 
of  histology.  It  is  from  Schleiden  (1838)  who  described  the  cell  ae 
the  true  unit  of  vegetable  structure,  and  Schwann  who  extended  this 
view  to  all  organisms  whether  plants  or  animals,  and  gave  its  modem 
basis  to  biology  by  reasserting  the  unity  of  organization  throughout 
animated  nature,  that  we  must  date  the  modem  achievements  of  histo- 
logical science.  Seldom,  perhaps,  in  the  history  of  science  has  any 
one  man  been  allowed  to  see  so  magnificent  a  development  of  his  ideas 
in  the  space  of  his  own  lifetime  ns  has  slowly  grown  up  before  the 
eyes  of  the  venerable  Schwann,  and  it  was,  therefore,  with  peculiar 
pleasure  that  a  letter  of  congratulation  was  entrusted  by  your  0£Eicers 
to  one  of  our  Fellows  on  behalf  of  this  Society  on  the  recent  occasion 
of  the  celebration  of  the  40th  anniversary  of  Schwann's  entry  into  the 
professorate. 
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If  we  call  up  in  onr  mind's  eye  some  vegetable  organism  and  briefly 
reflect  on  its  constmction,  we  see  that  we  may  fix  on  three  great  steps 
in  the  analysis  of  its  strncture,  the  oi^anic,  the  microscopic,  and  the 
molecular,  and,  although  not  in  the  same  order,  each  of  the  three  last 
centuries  is  identified  with  one  of  these.  In  the  17th  century  Grew 
achieved  the  microscopic  analysis  of  plant  tissues  into  their  constituent 
cells;  in  the  18th,  Caspar  Wolff  effected  the  organic  analysis  (inde- 
pendently but  long  subsequently  expounded  by  the  poet  Groethe)  of 
plant  structures  into  stem  and  leaf.  It  remained  for  Nageli  in  the 
present  century  to  first  lift  the  veil  from  the  mysterious  processes  of 
plant  growth,  and  by  his  memorable  theory  of  the  molecular  constitu- 
tion of  the  starch-grain  and  cell-wall,  and  their  growth  by  intussus- 
ception (1858),  to  bring  a  large  class  of  vital  phenomena  within  the 
limits  of  physical  interpretation.  Strasburger  has  lately  (1876) 
followed  Sachs  in  extending  Kageli*s  views  to  the  constitution  of 
protoplasm  itself,  and  there  is  now  reason  to  believe  that  the  ultimate 
stmctare  of  plants  consists  universally  of  solid  molecules  (not  how- 
ever identical  with  chemical  molecules)  surrounded  with  areas  of 
water  which  may  be  extended  or  diminished.  While  the  molecules 
of  all  the  inert  parts  of  plants  (starch-grains,  cell-wall,  &c.)  are  on 
optical  grounds  believed  by  most  physiologists  to  have  a  definite 
crystalline  character,  no  such  conclusion  can  be  arrived  at  with 
respect  to  the  molecules  of  protoplasm.  In  these  molecules  the 
characteristic  properties  of  the  protoplasm  reside,  and  are  more 
marked  in  the  aggregate  mass  in  proportion  to  its  denseness,  and  this 
is  due  to  the  close  approximation  of  the  molecules  and  the  tenuity  of 
their  watery  envelopes.  The  more  voluminous  the  envelopes,  the  more 
the  properties  of  protoplasm  merge  in  those  of  all  other  fluids. 

It  is,  however,  to  the  study  of  the  nuclei  of  cells  that  attention  has 
been  recently  paid  with  the  most  interesting  results.  These  well- 
known  structures,  first  observed  by  Ferdinand  Bauer  at  the  beginning 
of  the  century  (1802),  were  only  accurately  described  thirty  years 
later  by  Robert  Brown  (1833).  Up  to  the  present  time  their 
function  has  been  extremely  obscure.  The  beautiful  investigations 
of  Strasburger  (1875)  have  led  him  to  the  conclusion  that  the 
nucleus  is  the  seat  of  a  central  force  which  has  a  kind  of  polarising 
influence  upon  the  protoplasm  molecules,  causing  them  to  arrange 
themselves  in  lines  radiating  outwards.  Cell-division  he  regards  as 
primarily  caused  by  the  nucleus  becoming  bipolar,  and  the  so-called 
caryolitic  figures  first  described  by  Auerbach,  exhibit  the  same 
arrangement  of  the  protoplasm  molecules  in  connecting  curves  as  in 
the  case  of  iron-filings  about  the  two  poles  of  a  bar-magnet.  The  two 
new  centres  mutually  retire,  and  each  influencing  its  own  tract  of 
protoplasm,  the  cell-division  is  thereby  ultimately  effected.  This  is 
but  a  brief  account  of  processes  which  are  greatly  complicated  in 
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actaal  detail,  and  of  which  it  mnst  be  remarked  that  while  the 
interest  and  beauty  of  the  researches  are  beyond  question,  caution 
must  be  exercised  in  accepting  the  mechanical  speculations  by  which 
Strasburger  attempts  to  explain  them.  He  has  himself  shown  that 
cell-division  presents  the  same  phenomena  in  the  animal  kingdom ;  a 
result  which  has  been  confirmed  by  numerous  observers,  amongst 
whom  I  may  content  myself  with  mentioning  one  of  our  own  Society, 
Mr.  F.  Balfour.  Strasburger  further  points  out  that  this  affords  an 
argument  for  the  community  of  descent  in  animal  and  vegetable  cells ; 
he  regards  free  cell-division  as  derivable  from  ordinary  cell-division 
by  the  suppression  of  certain  stages. 

Turning  now  to  the  discoveries  made  during  the  last  five  years  in 
Physiological  Botany,  we  find  that  no  one  has  advanced  this  subject  so 
greatly  as  Mr.  Darwin.  In  1875  was  published  his  work  on  Insectivo- 
rous Plants,  in  which  he  ascertained  the  fact  that  a  number  of  species 
having  elaborate  structures  adapted  for  the  capture  of  insects,  utilized 
the  nitrogenous  matter  which  these  contain  as  food.  The  most  impor- 
tant principle  established  in  the  course  of  these  researches  was,  that 
such  plants  as  Drosera,  Dioncea^  PinguicuLay  secrete  a  digestive  fluid, 
which  has  led  through  Gorup  Bezanez*s  investigations  on  the  ferment 
in  germinating  seeds,  to  a  recognition  of  the  active  agency  of  ferments 
in  the  transmission  of  food-material,  which  marks  a  great  advance  in 
our  knowledge  of  the  general  Physiology  of  Nutrition. 

The  extreme  sensitiveness  of  the  glands  of  Droaera  to  mechanical 
and  chemical  stimulus  (especially  to  phosphate  of  ammonia),  the 
directive  power  of  its  tentacles,  depending  upon  the  accurate  trans- 
mission of  motor  impulses,  and  the  ''reflex"  excitation  of  secretion 
in  the  glands,  were  all  discoveries  of  the  most  suggestive  naturo  in 
connexion  with  the  subject  of  the  irritability  and  movements  of  plants. 
The  phenomenon  of  the  aggi*cgation  of  the  protoplasmic  cell-contents 
in  the  tentacles  of  Drosera  is  a  discovery  of  a  highly  remarkable 
nature,  though  not  yet  thoroughly  understood.  Lastly,  Mr.  Frank 
Darwin,  following  his  father's  footsteps,  as  it  were  crowned  the  edifice 
by  showing  to  what  an  extent  insectivorous  plants  do  profit  by  nitro- 
genous matter  supplied  to  their  leaves. 

In  close  relation  to  these  researches  are  those,  also  by  Mr.  Darwin, 
on  the  structure  and  functions  of  the  bladder  of  UtricuLaria^  which  he 
has  shown  to  have  the  power  of  absorbing  decaying  animal  matter ; 
and  those  of  Mr.  Frank  Darwin  on  contractile  filaments  of  extra* 
ordinary  tenuity  attached  to  the  glands  on  the  inner  surface  of  the 
cups  formed  by  the  connate  bases  of  the  leaves  of  the  Teasel,  which 
filaments  exhibit  motions  suggesting  a  protoplasmic  origin.  It  is  to  be 
hoped  that  their  discoverer  will  pursue  his  investigations  into  these 
curious  bodies,  whose  origin  and  real  nature  in  relation  to  the  plant 
and  its  functions  are  involved  in  obscurity. 
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The  subject  of  the  cross-fertilization  of  plants,  which  thongh  a  long 
known  phenomenon,  first  become  a  fruitful  scientific  study  in  Mr. 
Darwin's  now  classical  work  **  On  the  varions  contrivances  by  which 
Orchids  are  fertilized,"  has  within  the  last  few  years  made  rapid  ad- 
vance under  its  author's  hand.  The  extreme  importance  of  avoiding 
Relf-fertilization  might  indeed  be  inferred  from  the  prevalence  in 
flowers  of  elaborate  contrivances  for  preventing  it ;  but  it  remained  to 
be  shown  that  direct  benefit  attended  cross-fertilization,  and  this  has 
now  been  proved  by  an  elaborate  series  of  experiments,  the  results  of 
which  are  not  only  that  both  increased  fertility  or  greater  vigour  of 
constitution  attend  cross-fertilization,  bat  that  the  opposite  effects 
attend  self-fertilization.  In  the  course  of  these  experiments  it  became 
evident  that  the  good  effects  of  the  cross  do  not  depend  on  the  mere 
fact  of  the  parents  being  different  individuals,  for  when  these  were 
grown  together  and  under  the  same  conditions,  no  advantage  was 
gained  by  the  progeny ;  but  when  grown  under  different  conditions  a 
manifest  advantage  was  gained.  As  instances,  if  plants  of  Ipomcea 
and  Mimulus,  which  had  been  self-fertilized  for  seven  previous  gene- 
rations, were  kept  together  and  then  intercrossed,  their  offspring  did 
not  profit  in  the  least ;  whereas,  when  the  parent  plants  were  grown 
under  different  conditions,  a  remarkably  vigorous  offspring  was 
obtained. 

Mr.  Darwin's  last  work,  "  On  the  different  forms  of  Flowers," 
thongh  professedly  a  reprint  of  his  paper  on  dimorphic  plants,  pub- 
lished by  the  Linnsdan  Society,  contains  many  additions  and  new 
matter  of  great  importance  concerning  the  behavionr  of  polygamous 
plants,  and  on  Cleistogamic  flowers.  Among  other  points  of  great 
interest  is  the  establishment  of  very  close  analogies  between  the  pheno- 
mena attending  the  illegitimate  union  of  trimorphic  plants,  and  the 
results  of  crosses  between  distinct  species,  the  sterile  offspring  of  the 
crosses  of  the  same  species  exhibiting  the  closest  resemblance  to  the 
sterile  hybrids  obtained  by  crossing  distinct  species;  while  a  whole 
series  of  generalizations,  founded  on  the  results  of  the  one  series  of 
experiments,  are  closely  paralleled  by  those  founded  on  the  other. 
The  bearing  of  this  analogy  on  the  origin  of  species  is  obviously 
important. 

Besides  these  investigations,  Mr.  Darwin  has  produced  within  the  last 
five  years  second  editions  of  his  volume  on  the  Fertilization  of  Orchids, 
and  on  the  Habits  and  Movements  of  Climbing  Plants  ;  as  also  of  his 
early  works  on  Coral  Reefs,  and  Geological  Observations  in  South 
America ;  all  of  them  abounding  in  new  matter. 

Of  special  interest  to  myself,  as  having  been  conducted  in  the 
Jodrell  Laboratory  at  Kew,  are  Dr.  Bardon  Sanderson's  investi- 
gations on  the  exceptional  property  possessed  by  the  leaves  and 
other  organs  of  some  plants  which  exhibit  definite  movemexLtft  m 
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response  to  mechanical,  chemical,  or  electric  stimuli.  In  1873, 
Dr.  Sanderson  showed  ns  in  this  meeting  room,  that  the  closing  of  the 
laminaB  of  the  leaf  of  Dioncea  is  preceded  hj  a  preliminary  state  of 
excitement,  and  is  attended  with  a  change  in  the  electric  conditions  of 
the  leaf ;  and  this  so  closely  resembled  the  change  which  attends  the 
excitation  of  the  excitable  tissues  of  animals,  that  he  did  not  hesitate 
to  identify  the  two  phenomena. 

This  remarkable  discovery  immediately  directed  the  attention  of 
two  German  observers  to  the  electromotive  properties  of  plants,  one. 
Dr.  Knnkel,  in  the  Laboratory  of  Professor  Sachs;  the  other  Pro- 
fessor Mank,  in  that  of  the  University  of  Berlin. 

Professor  Munk,  whose  researches  are  of  much  the  greater  scope 
and  importance,  took  as  his  point  of  departure  Dr.  Burden  Sanderson's 
discovery.  The  leading  conclusion  to  which  he  arrived  was,  that  in 
Dionma  each  of  the  oblong  cells  of  the  parenchyma  is  endowed  with 
electromotive  properties,  which  correspond  with  those  of  the  "  muscle- 
cylinder  "  of  animals  ;  with  this  exception,  that  whereas  in  the  muscle- 
cylinder  the  ends  are  negative  to  the  central  zone,  in  the  vegetable  cell 
they  are  positive ;  and  he  endeavours  to  prove,  that  according  to  this 
theory,  all  the  complicated  electromotive  phenomena  which  had  been 
observed,  could  be  shown  to  be  attributable  to  the  peculiar  arrange- 
ment of  the  leaf -cells. 

During  the  last  two  summers  Dr.  Burdon  Sanderson  has  been 
engaged  in  endeavouring  to  discover  the  true  relations  which  subsist 
between  the  electrical  disturbance,  followed  by  the  shutting  of  the 
leaf -valves  of  Dioncea  and  the  latent  change  of  protoplasm  which 
precedes  this  operation.  He  has  found  that  though  the  mechanism 
of  the  change  of  form  of  the  excitable  parenchyma  which  causes 
the  contraction  is  entirely  different  from  that  of  muscular  contraction, 
yet  that  the  correspondence  between  the  exciting  process  in  the  animal 
tissues,  and  what  represents  this  in  plant  tissues  appears  to  be  more 
complete  the  more  carefully  the  comparison  is  made;  and  that 
whether  the  stimulus  be  mechanical,  thermal,  or  electrical,  its  effects 
correspond  in  each  case.  Again,  the  excitation  is  propagated  from 
the  point  of  excitation  to  distant  points  in  the  order  of  their  remoteness, 
and  the  degree  to  which  the  structure  is  excited  depends  upon  its 
temperature.  Notwithstanding,  however,  the  striking  analogies  be- 
tween the  electrical  properties  of  the  cells  of  Dioncea  and  of  musole- 
cylinders.  Dr.  Burdon  Sanderson  is  wholly  unable  to  admit  with 
Professor  Munk  that  these  structures  are  in  this  respect  comparable. 

In  Morphological  Botany  attention  has  been  especially  directed  of 
late  to  the  complete  life-history  of  the  lower  order  of  Cryptogams, 
since  this  is  seen  to  be  more  and  more  an  indispensable  preliminary  to 
any  attempt  at  their  correct  classification. 
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The  remarkable  theory  of  Schwendener,  now  ten  years  old, 
astonished  botanists  by  boldly  sweeping  away  the  claims  to  auto- 
nomoos  recognition  of  a  whole  group  of  highly  characteristic 
organisms — ^the  Ldchens — and  by  affirming  that  these  consist  of  asco- 
mycetal  fungi  united  in  a  oommepsal  existence  with  Alg89.  The  con- 
troversial literature  and  renewed  investigations  which  this  theory  has 
given  rise  to  are  now  very  considerable.  But  the  advocates  of  the 
Schwendenerian  view  have  gradually  won  their  ground,  and  the 
success  which  has  attended  the  experiments  of  Stahl  in  taking  up  the 
challenge  of  Schwendener's  opponents  and  manufacturing  such 
lichens  as  Endocarpofi  and  TJielidium,  by  the  juxtaposition  of  the 
appropriate  Alg89  and  Fungi,  may  almost  be  regarded  as  deciding  the 
question.  Sachs,  in  the  last  edition  of  his  Lehrbuch,  has  carried  out 
completely  the  principle  of  clarification  of  Algsd,  first  suggested  by 
Cohn,  and  has  proposed  one  for  the  remaining  Thallophytes,  which 
disregards  their  division  into  Fungi  and  Algsd.  He  looks  upon  the 
former  as  standing  in  the  same  relation  to  the  latter  as  the  so-called 
Saprophytes  (e.g,  Neottia)  do  to  ordinary  green  flowering-plants. 

This  view  has  especial  interest  with  regard  to  the  minute  organisms 
known  as  Baeieriay  a  knowledge  of  the  life- history  of  which  is  of  the 
greatest  importance,  having  regard  to  the  changes  which  they  effect 
in  all  lifeless  and,  probably,  in  all  living  matter  prone  to  decom- 
position. This  affords  a  morphological  argument  (as  far  as  it  goes) 
against  the  doctrine  of  Spontaneous  Generation,  since  it  seems 
extremely  probable  that  just  as  yeast  may  be  a  degraded  form  of  some 
higher  fungus.  Bacteria  may  be  degraded  allies  of  the  Oscillatorice  which 
have  adopted  a  purely  saprophytal  mode  of  existence. 

Your  '*  Proceedings  "  for  the  present  year  contain  several  important 
^contributions  to  our  knowledge  of  the  lowest  forms  of  life.  The  Rev 
W.  H.  Dallinger,  continuing  those  researches  which  his  skill  in  using 
the  highest  microscopic  powers  and  his  ingenuity  in  devising  experi- 
mental methods  have  rendered  so  fruitful,  has  adduced  evidence  which 
seems  to  leave  no  doubt  that  the  spores  or  germs  of  the  monad  which 
he  has  described  differ  in  a  remarkable  manner  from  the  young  or 
adult  monads  in  their  power  of  resisting  heated  fluids.  The  young 
and  adult  monads,  in  fact,  were  always  killed  by  five  minutes* 
exposure  to  a  temperature  of  142**  F.  (61®  C),  while  the  spores 
germinated  after  being  subjected  to  a  temperature  of  ten  degrees 
above  the  boiling  point  of  water  (222^*  F.). 

Two  years  ago,  Cohn  and  Koch  observed  the  development  of  spores 
within  the  rods  of  Ba^cillus  subfilis  and  B,  anthracis.  These  observa- 
tions have  been  confirmed,  with  important  additions,  in  these  two 
species  by  Mr.  Bwart,  and  have  been  extended  to  the  Bacilltu  of  the 
infectious  pneumo-enteritis  of  the  pig,  by  Dr.  Klein ;  and  to  SpirUlnm 
by  Messrs.  G^des  and  Ewart ;  and  thus  a  very  important  step  bsc& 
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been  made  towards  the  completion  of  oar*  knowledge  of  the  life-historj 
of  these  minute  bat  important  organisms.  Dr.  Klein  has  shown  that 
the  infections  pnenmo-enteritis,  or  typhoid  fever  of  the  pig,  is,  like 
splenic  fever,  due  to  a  Bacillus.  Having  succeeded  in  oultivsting 
this  Bacillus  in  such  a  manner  as  to  raise  crops  free  from  all  other 
organisms.  Dr.  Klein  inoculated  healthy  pigs  with  the  fluid  contain- 
ing the  Bacilli,  and  found  that  the  disease  in  due  time  arose  and 
followed  its  ordinary  course.  It  is  now  therefore,  distinctly  proved 
that  two  diseases  of  the  higher  animals,  namely,  "  splenic  fever'* 
and  "infections  pneumo-enteritis,"  are  generated  by  a  contagium 
vivum. 

Finally,  Messrs.  Downes  and  Blunt  have  commenced  an  enqnirj 
into  the  inBuence  of  light  upon  Bacteria  and  other  Fungi^  which 
promises  to  yield  results  of  great  interest,  the  general  tendency  of  these 
investigations  leaning  towards  the  conclusion  that  exposure  to  strong 
solar  light  checks  and  even  arrests  the  development  of  such 
organisms. 

The  practical  utility  of  investigations  relating  to  Bacillus  organisms 
as  affording  to  the  pathologist  a  valuable  means  of  associating  by  com- 
munity of  origin  various  diseases  of  apparently  different  character,  is 
exemplified  in  the  *'  Loodiana  fever,*'  which  has  been  so  fatal  to  horses 
in  the  East.  The  dried  blood  of  horses  that  had  died  of  this  disease  in 
India  has  been  recently  sent  to  the  Brown  Institution,  and  from  seeds 
therein  contained  a  crop  of  Bacillus  anthracis  has  been  grown,  which 
justified  its  distant  pathological  origin  by  reproducing  the  disease  in 
other  animals.  Other  equally  interesting  experiments  have  been  made 
at  the  same  Institution,  showing  that  the  ''  grains  '*  which  are  so  largely 
used  as  food  for  cattle,  afford  a  soil  which  is  peculiarly  favourable  for 
the  development  and  growth  of  the  spore  filaments  of  BaciUus ;  and 
that  by  such  '*  grains  "  when  inspected,  the  anthrax  fever  can  be  pro- 
duced at  will,  under  conditions  so  simple  that  they  must  often 
arise  accidentally.  The  bearing  of  this  fact  on  a  recent  instance  in 
which  anthrax  suddenly  broke  out  in  a  previously  uninfected  district, 
destroying  a  large  number  of  animals,  all  of  which  had  been  fed  with 
grains  obtained  from  a  particular  brewery,  need  scarcely  be  indicated. 

In  Systematic  Botany,  which  in  a  nation  like  ours,  ever  extending 
its  dominions  and  exploring  unknown  regions  of  the  globe,  most 
always  absorb  a  large  share  of  the  energies  of  its  phytologists,  I  can 
but  allude  to  two  works  of  great  magnitude  and  importance. 

Of  these,  the  first  is  the  "  Flora  Australiensis "  of  Bentham,  com- 
pleted only  a  year  ago ;  a  work  which  has  well  been  called  unique  in 
botanical  literature,  whether  for  the  vast  area  whose  vegetation  it 
embraces  (the  largest  hitherto  successfully  dealt  with),  or  for  the 
masterly  manner  in  which  the  details  of  the  structure  and  affinities  of 
upwards  of  8,000  species  have  been  elaborated.     Its  value  in  reference 
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to  all  future  researches  regarding  the  geographical  distribntion  of 
plants  in  the  sonthem  hemisphere,  and  the  evolution  therein  of  generic 
and  specific  types,  cannot  be  over  estimated. 

The  other  great  work  is  the  '*  Flora  Braziliensis,*'  commenced  by 
OUT  late  Foreign  Fellow,  von  Martins,  and  now  ably  carried  on  by 
Eichler,  of  Berlin,  assisted  by  coadjntors  (among  whom  are  most  of 
oar  leading  systematists)  under  the  liberal  auspices  of  His  Majesfcy  the 
Emperor  of  Brazil.  When  completed,  this  gigantic  undertaking  will 
have  embraced,  in  a  systematic  form,  the  vegetation  of  the  richest 
botanical  region  of  the  globe. 

Having  now  endeavoured  to  recall  to  you  some  of  the  great 
advances  in  Science  made  during  the  last  few  years,  it  remains  for  me, 
after  the  distribution  of  the  Medals  awarded  by  your  Council,  to 
retire  from  the  Presidency  in  which  I  have  so  long  experienced  the 
generous  support  of  your  Officers  and  yourselves.  This  support,  for 
which  I  tender  you  my  hearty  thanks,  together  with  my  sense  of  the 
trust  and  dignity  of  the  o£&ce,  and  the  interest  attached  to  its  duties, 
make  my  resignation  of  it  a  more  dif&cult  step  than  I  had  anticipated. 
My  reasons  are,  however,  strong.  They  are  the  pressure  of  o£&cial 
duties  at  Kew,  annually  increasing  in  amount  and  responsibility, 
together  with  the  engagements  I  am  under  to  complete  scientific 
works,  undertaken  jointly  with  other  botanists,  before  you  raised 
me  to  the  Presidency;  and  the  fact  that  indefinite  postponement 
delays  the  publication  of  the  labours  of  my  coadjutors.  I  am 
also  influenced  by  the  consideration  that^  though  wholly  opposed 
to  the  view  that  the  term  of  the  Presidency  of  the  Royal  Society 
should  be  either  short  or  definitely  limited,  this  term  should  not  be  very 
long ;  and  that,  considering  the  special  nature  of  my  own  scientific 
studies,  it  should,  in  my  case,  on  this  as  well  as  on  other  grounds,  be 
briefer  than  might  otherwise  be  desirable.  Cogent  as  these  reasons 
are,  they  might  not  have  been  paramount,  were  it  not  that  we 
have  among  us,  one  pre-eminently  fitted  to  be  your  President  by 
scientific  attainments,  by  personal  qualifications,  and  by  intimate 
knowledge  of  the  Society's  affairs ;  and  by  calling  upon  whom  to  fill 
the  proud  position  which  I  have  occupied,  you  are  also  recognising 
the  great  services  he  has  rendei*ed  to  the  Society  as  its  Treasurer 
for  eight  years,  and  its  ofttimes  munificent  benefactor. 

On  the  motion  of  Dr.  Graham  Balfour,  seconded  by  Sir  Alexander 
Armstrong,  it  was  resolved — "  That  the  thanks  of  the  Society  be  re- 
turned to  the  President  for  his  Address,  and  that  he  be  requested  to 
allow  it  to  be  printed." 

The  President  then  proceeded  to  the  presentation  of  the  Medals. 
The  Copley  Medal  has  been  awarded  to  Jean  Baptiste  Boussingault 
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for  his  long-continaed  and  important  researches  and  discoveriBS  in 
agricaltoral  chemistry. 

The  researches  of  Bonssinganlt  have  extended  over  nearlj  half  a 
century^  and  it  might  be  difficult  to  find  an  investigator  whose  results 
relating  to  a  great  variety  of  subjects  have  in  respect  of  accuracy  and 
trustworthiness  better  stood  the  test  of  time. 

The  lucid  simplicity  with  which  his  writings  narrate  well-established 
and  well-arranged  facts,  is  not  less  remarkable  than  the  judicial  caution 
with  which  he  has  abstained  from  expressing  opinions  upon  questions 
beyond  the  reach  of  decisive  evidence. 

His  experimental  results  and  the  conclusions  which  he  has  drawn 
from  them  have  been  deservedly  trusted  by  other  workers  in  the  same 
field,  and  have  safely  guided  them  in  their  labours.  Their  inoon* 
testable  excellence  has  prevented  them  from  becoming  subjects  of 
animated  discussion,  and  thus  arousing  as  much  attention  and  interest 
in  the  outer  world  as  has  sometimes  been  aroused  by  hasty  experi- 
ments and  daring  generalizations. 

I  cannot  attempt  within  the  limits  of  this  address  to  give  an  account 
of  his  investigations,  and  I  should  probably  weary  you  were  I  even  to 
enumerate  them,  relating  as  they  do  to  a  vast  variety  of  phenomena ; 
but  I  may  point  out  that  lying  as  most  of  them  do  in  the  domain  of 
agricultural  chemistry,  they  have  involved  difficulties  of  no  common 
order.  Boussingault  is  not  only  an  excellent  chemical  analyst  and 
experimentalist,  but  at  the  same  time  a  model  farmer. 

His  numerous  determinations  of  the  nitrogen,  carbon,  and  hydrogen 
in  crops  and  in  the  manures  supplied  to  them,  have  proved  him  to  be 
skilled  not  only  in  selecting  and  applying  the  best  known  methods  of 
analysis,  but  even  in  improving  and  perfecting  them. 

His  determinations  of  the  proportions  of  those  valuable  constitnents 
of  manures  which  can  be  assimilated  by  various  crops,  have  involved 
an  intimate  acquaintance  with  the  conditions  which  experience  has 
proved  to  be  most  favourable  to  the  cultivation  of  the  various  crops. 

His  numerous  and  varied  experiments  on  the  feeding  of  animals, 
showing  the  proportions  between  the  nitrogenized  and  fatty  or  amy- 
laceous constituents  supplied  in  the  food  and  those  assimilated  or 
formed  by  the  animal  organism,  while  tracing  the  distribution  of  the 
remainder  between  the  pulmonary  and  other  excretions,  have  had 
most  important  physiological  as  well  as  practical  bearings. 

In  all  his  investigations  we  see  proofs  that  while  accurately  and 
critically  acquainted  with  the  discoveries  and  of>inion8  of  other  workers 
and  thinkers  in  his  own  particular  domain  of  science,  he  has  been  able 
to  devise  and  carry  out  simple  and  crucial  forms  of  experiment  weU 
calculated  to  decide  the  truth. 

A  remarkable  instance  of  this  is  afforded  by  those  truly  masterly 
experiments  by  which  he  proved  that  aU  the  nitrogen  found  in  the 
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organism  of  plants  can  be  traced  to  componnds  of  that  element  which 
had  been  supplied  to  them  ;  and  accordingly  that  there  are  no  grounds 
for  believing  that  plants  can  assimilate  the  free  nitrogen  of  the  air. 

By  awarding  to  Boussinganlt  the  Copley  Medal,  we  place  his  name 
in  the  honoured  list  of  those  who,  in  modem  times,  have  rendered  the 
highest  services  to  the  advancement  of  natural  knowledge. 

A  Royal  Medal  has  been  awarded  to  Mr.  John  Allan  Broun  for  his 
investigations  during  thirty-five  years  in  magnetism  and  meteorology, 
and  for  his  improved  methods  of  observation. 

When  the  labours  of  Gh.uss  had  given  an  impetus  to  the  study  of 
terrestrial  magnetism  by  rendering  precision  possible.  Observatories 
devoted  to  this  branch  of  research,  in  conjunction  with  meteorology, 
began  to  rise  in  various  places.  The  late  General  Sir  T.  M.  Brisbane 
erected  one  at  Makerstown,  in  Scotland,  and  placed  it  under  the  direc- 
tion of  Mr.  Broun,  who  remained  in  charge  of  it  from  1842  to  1850. 
His  observations  and  their  results,  have  been  commended  by  magne- 
tieians  and  meteorologists,  for  the  skill  employed  in  the  development 
of  new  methods  of  reduction  and  investigation. 

In  1851  Mr.  Broun  went  to  India  to  organize  and  take  charge  of  a 
similar  Observatory  established  at  Trevandrum  by  His  Highness  the 
late  Rajah  of  Travancore.  Here  he  remained  for  thirteen  years, 
accumulating  results  of  very  great  value,  the  first  instalment  of  which, 
consisting  of  a  volume  on  the  magnetic  declination,  was  publishe<l 
some  years  ago.  Magneticians  look  eagerly  towards  the  completion 
of  this  publication  when  the  means  necessary  for  the  purpose  shall 
have  been  furnished  to  Mr.  Broun. 

While  in  India  he  established  an  Observatory  on  a  mountain  peak 
6,000  feet  above  the  sea,  and  fitted  it  up  with  a  very  complete  assort- 
ment of  scientific  instruments.  This  was  an  undertaking  of  a  very 
arduous  nature,  effected  in  a  wild  country,  and  presenting  great  diffi- 
culties in  the  erection  of  instruments  and  obtaining  trained  observers. 

Shortly  after  the  commencement  of  magnetic  observatories,  Mr. 
Broun  indicated  the  insufficiencies  of  the  methods  then  in  use  for 
determining  coefficients  and  correcting  observations,  and  he  devise<l 
new  methods  for  these  ends,  the  principal  of  which  have  been  gene- 
rally adopted. 

This  is  not  the  place  in  which  to  give  a  complete  catalogue  of  ^Ir. 
Broun's  researches  in  magnetism  and  meteorology,  extending  as  they 
do  over  a  period  of  thirty-five  years,  but  I  may  indicate  those  of  his 
results  that  are  of  the  greatest  importance.  Among  them  are  thc^ 
establishment  of  the  annual  laws  of  magnetic  horizontal  force, 
exhibiting  maxima  at  the  solstices  and  minima  at  the  equinoxes. 
Mr.  Broun  was  also  the  first  to  give  in  a  complete  form  the  laws  of 
change  of  the  solar-diurnal  variation  of  magnetic  declination  ive^T  ^;\\v^ 
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equator,  showing  the  extinction  of  the  mean  movement  near  the 
equinox.  His  researches  on  the  Innar-diumal  variation  of  magnetic 
declination  are  of  very  great  interest.  Besides  being  an  independent 
discoverer  of  the  existence  of  this  variation,  he  showed  that  near  the 
equator  its  law  in  December  was  the  opposite  of  that  in  June.  He 
found,  too,  that  the  lunar-diurnal  variation  was  in  December  some- 
times greater  than  the  solar-diurnal  variation — that  the  lunar  action 
was  reversed  at  sunrise,  and  that  it  was  much  greater  during  the  day 
than  during  the  night,  whether  the  moon  was  above  or  below  the 
horizon.  Finally,  ho  found  that  the  lunar-diurnal  law  changed  (like 
the  solar-diurnal  law  at  the  equator)  near  the  equinoxes,  so  that,  as  a 
consequence,  the  laws  for  the  southern  and  northern  hemispheres 
were  of  opposite  natures. 

Another  and  very  remarkable  fact  discovered  by  Mr.  Broun  was 
that  the  variations  from  day  to  day  of  the  earth's  daily  mean 
horizontal  force  were  nearly  the  same  all  the  world  over.  He  found 
certain  oscillations  in  these  daily  means  which  were  due  to  the  moon's 
revolution,  and  others  having  a  period  of  twenty-six  days ;  the  latter 
he  considered  as  due  to  the  sun's  rotation.  It  results  from  these  in- 
vestigations that  the  observed  variations  of  the  earth's  daily  mean 
horizontal  force  have  been  represented  with  considerable  accuracy  in 
all  their  more  marked  features,  by  the  combination  of  the  means 
calculated  for  these  different  solar  and  lunar  periods.  During  the 
discussion  of  these  periods,  Mr.  Broun  found  that  the  great  magnetic 
disturbances  were  apparently  due  to  actions  proceeding  from  par- 
ticular points  or  meridians  of  the  sun — a  fact  this  (if  verified)  of 
very  great  importance. 

In  meteorology  he  has  shown  the  apparent  simultaneity  of  the 
changes  of  daily  mean  barometric  pressure  over  a  great  part  of  the 
globe,  and  ho  has  likewise  discovered  a  barometric  period  of  twenty- 
six  days  nearly.  He  was  also  the  first  to  commence  and  carry  ont^ 
during  several  years,  a  systematic  series  of  observations  of  the  motions 
of  clouds  at  difPcrcut  heights  in  the  atmosphere ;  and,  lastly,  he  has 
found  certain  laws  connecting  the  motions  of  the  atmosphere,  and  the 
directions  of  the  lines  of  equal  barometric  pressure. 

A  Royal  Medal  has  been  awartled  to  Dr.  Albert  Giinther,  F.R.S., 
for  his  numerous  and  valuable  contributions  to  the  zoology  and 
anatomy  of  fishes  and  reptiles. 

Dr.  Giinther's  labours  as  a  systematist  and  a  descriptive  zoologist 
have  been  devoted  chiefly  to  the  order  of  Fishes,  Reptiles,  and  Am-> 
phibia.  Upon  these  he  has  published  during  the  last  quarter  of  a 
century  a  very  long  series  of  valuable  papers,  whereby  our  knowledge 
of  the  structure,  affinities,  and  distribution  of  the  genera  and  species  of 
those  interesting  groups  has  been  greatly  advanced.  We  owe  to  his 
indefatigable  exertions  the  excellent  condition  in  point  of  arrangement 
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and  nomenclatnre  of  the  imriyalled  collection  of  fishes  in  the  British 
Museum,  and  of  which  he  prepared  a  systematic  catalogue  in  eight 
volumes,  which  has  heen  puhlished  by  order  of  the  Trustees.  This  is  a 
work  of*  prodigious  labour;  it  required  for  its  satisfactory  execution 
an  intimate  knowledge  of  the  fish  of  all  parts  of  the  world,  and  an  intui- 
tive perception  of  the  natural  character  upon  which  a  sound  classifica- 
tion should  be  based.  From  possessing  these  attributes  it  has  been 
accepted  as  the  standard  authority  on  the  order  by  all  zoologists. 
Under  this  head  too  I  must  specially  allude  to  his  excellent  work  on  the 
Ceratodus.  The  Reptilian  collections  of  the  Museum  have  been  no 
less  successfully  dealt  with  by  Dr.  Gunther,  and  have  afforded  the 
material  for  some  of  his  most  important  works,  amongst  which  his 
"Reptiles  of  British  India,"  "Memoir  on  Hatteria,"  and  "Mono- 
graph of  the  Gigantic  Land  Tortoises  of  certain  islands  in  the  Pacific 
and  Indian  Oceans,"'  are  examples  conspicuous  for  their  completeness 
and  accuracy. 

The  Rumford  Medal  has  been  awarded  to  Mr.  Alfred  Cornu  for  his 
various  Optical  Researches,  and  especially  for  his  recent  redetermina- 
tion of  the  Velocity  of  Propagation  of  Light. 

Mr.  Alfred  Cornu  is  the  author  of  papers  on  optical  and  other 
subjects  published  in  the  "Comptes  Rendns"  and  other  sdentifio 
periodicals.  He  has  been  engaged,  for  example,  with  the  difficult 
subject  of  crystalline  reflection,  and  kindred  researches. 

It  was  in  1849  that  Fizeau  astonished  the  scientific  world  by  an 
actual  experimental  determination  of  the  velocity  of  light,  a  velocity 
so  enormous  that  hitherto  its  finiteness  has  been  proved,  and  its  value 
approximately  determined,  only  by  two  astronomical  phenomena. 
Foucault  almost  simultaneously  brought  out  an  experimental  deter- 
mination by  a  totally  difierent  method. 

The  method  of  Fizeau  gave  at  once  a  near  approximation  to  the 
value  got  from  those  two  astronomical  phenomena,  combined  with  the 
parallax  of  the  sun,  assumed  known.  But  the  difficulties  of  obtaining 
a  sufficiently  accurate  result  were  such  that  the  velocity  obtained  by 
Fizeau's  method  was  not  considered  to  rival  in  exactness  the  velocity 
determined  astronomically.  Indeed,  Foucault*s  method  seemed  to  be 
preferred,  though  Fizeau*s  is  the  simpler  in  principle,  and  is  free  from 
certain  doubts  which  may  be  raised  as  regards  the  other.  But  the 
difficulties  alluded  to,  which  turned  mainly  on  the  determination  of 
the  velocity  of  the  revolving  wheel,  were  such  that  almost  twenty 
years  have  elapsed  without  the  method  having  been  brought  to  a 
sufficient  degree  of  perfection  to  make  it  astronomically  available. 

Such  was  the  state  of  the  problem  when  it  was  taken  up  by 
M.  Cknmu.  By  methods  of  his  own  devising  he  succeeded  in  getting 
over  the  difficulties  with  which  Fizeau's  further  progress  \\fifcd  Aoeeix 
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stopped,  and  in  achieving  a  determination  so  exact  as  to  compete 
with  the  astronomical  determinations,  and  thereby  lead,  we  may  say, 
to  an  experimental  determination  of  the  solar  parallax  folly  rivalling 
that  which  is  likely. to  resalt  from  the  observations  of  the  transit  of 
Venns  which  have  been  carried  out  at  so  mnch  cost  and  trouble. 


A  double  award  of  the  recently  instituted  Davy  Medal  has  again  been 
made,  the  recipients  on  the  present  occasion  being  M.  Louis  Paul 
Gailletet  and  M  Raoul  Pictet.  This  award  is  made  to  these  dis- 
tinguished men  for  having,  independently  and  contemporaneously, 
liquefied  the  whole  of  the  gases  hitherto  called  permanent. 

The  methods  pursued  by  these  experimenters,  in  accomplishing 
results  which  equal  in  interest  and  importance  those  obtained  by 
Faraday  in  the  same  direction  fifty- five  years  ago,  were  quite  distinct, 
and  were,  in  each  case,  the  result  of  several  years'  preparatory  labour. 
M.  Gailletet,  by  compaiutively  very  simple  arrangements,  such  as 
admit  of  ready  employment  in  lecture-demonstrations,  has  succeeded 
in  obtaining  evidence  of  the  liquefaction,  and  possibly  solidification,  of 
carbonic  oxide,  marsh-gas,  oxygon,  nitrogen,  and  hydrogen.  His 
system  of  operating  consists  in  submitting  the  gases  to  very  powerful 
compression  at  compai-atively  moderate  degrees  of  cold,  and  in  then 
allowing  them  very  saddenly  to  expand. 

M.  Pictet  has  applied  the  very  perfect  system,  elaborated  and  put 
to  industrial  use  by  him,  for  obtaining  low  temperatures  to  the  attain- 
ment, though  on  a  larger  scale,  of  results  like  some  of  those  arrived 
at  by  M.  Gailletet.  By  an  arrangement  of  vacuum  and  force  pumps 
he  reduces  liquefied  sulphurous  acid  to  a  low  temperature,  and  applies 
this  as  the  means  for  cooling  down  liquid  carbonic  acid  which,  in 
turn,  serves  to  reduce  to  a  very  low  temperature  a  thick  glass  tube,  in 
which  the  gas  to  be  condensed  is  confined  at  a  very  high  pressure. 
M.  Pictet  has  not  only  produced  liquid  oxygen  in  somewhat  consider- 
able quantity,  and  succeeded  in  determining  its  density,  he  has  also 
obtained  evidence  of  the  solidi6cation  of  hydrogen,  and  the  description 
given  of  its  appearance  in  the  solid  form  seems  to  leave  no  doubt 
regarding  its  metallic  character. 

The  interest  which  attaches  to  the  remarkable  experiments  of 
MM.  Gailletet  and  Pictet  is  only  equalled  by  the  importance  of  th© 
fact,  now  absolutely  demonstrated  by  those  experiments,  that  the 
property  of  molecular  cohesion  is  common  to  all  known  bodies  without 
exception. 

The  Statutes  relating  to  the  election  of  Gouncil  and  Officers  were 

then  read,  and  Mr.  Ellis  and  Mr.  McLachlan  having  been,  with  the 

^     consent  of  the  Sqciety,  nominated  Scrutators,  the  votes  of  the  Fellows 
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present  were  taken,  and  the  following  were  declared  duly  elected  as 
Council  and  Officers  for  the  ensuing  year : — 

President. — William  Spottiswoode.  M.A.,  D.C.L.,  LL.D. 

Treasurer, — John  Evans,  F.G.S.,  P.S.A. 

r  Professor  George  Gtibriel  Stokes,  M.  A.,  D.C.L.,  LL.D. 
*      1  Professor  Thomas  Henry  Huxley,  LL.D. 

Foreign  Secretary. — Alexander  William  Williamson,  Ph.D. 

Other  Members  of  the  dmncil. — Frederick  A.  Abel,  C.B.,  V.P.C.S. ; 
William  Bowman,  F.R.C.S. ;  William  Carrutliers,  V.P.L.S. ;  Major- 
General  Henry  Clerk,  R.A. ;  William  Crookes,  V.P.C.S. ;  Sir  William 
Robert  Grove,  M.A. ;  Augustus  G.  Vernon  Harcourt,  F.C.S. ;  Sir 
Joseph  Dalton  Hooker,  C.B.,  K.C.S.L,  D.C.L. ;  Admiral  Sir  Astley 
Cooper  Key,  K.C.B. ;  Lieut.- General  Sir  Henry  Lefroy,  C.B.  ; 
Lord  Lindsay,  P.R.A.S.  ;  Sir  John  Lubbock,  Bart.,  V.P.L.S. ; 
Lord  Rayleigh,  M.A.  ;  Charles  William  Siemens,  D.C.L.  ;  John 
Simon,  C.B.,  D.C.L. ;  Professor  Allen  Thomson,  M.D.,  F.R.S.E. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 

The  following  Table  shows  the  progress  and  present  state  of  the 
Society  with  respect  to  the  number  of  Fellows : — 
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Account  of  Grants  from  the  Donation  Fund  in  1877-78. 

Dlufitrations  for  the  NaturaliBts'  (Transit  of  Yenas) 

Reports £200    0    0 

vans,  for  Exploration  of  Caves  in  Borneo 50     0     0 

.  H.  Grordon,  for  continuation  of  Researches  on  the 

Specific  Inductive  Capacity  of  Dielectrics    26     0    0 

S*.  Hodgkinson,  for  an  Investigation  on  the  Action  of 
Ethylbenzol  Acetate  upon  acetic,  butyric,  and  iso- 
butyric  Ethers    25     0     0 


£300     0     0 


ount  of  the  appropriation  of  the  sum  of  £1,000  (the  Govern- 
ment Grant)  annually  voted  by  Parliament  to  the  Royal 
Society,  to  be  employed  in  aiding  the  advancement  of 
Science  (continued  from  Vol.  XXVI,  p.  457). 

1878. 

W.  Ramsay,  for  -Apparatus  to  be  employed  in  a  Research 
the  Action  of  Light  and  Heat  in  Decomposing  Hydriodic 
Hydrobromic  Acids,  witli  a  view  to  compare  the  action  of 

t  and  Light £30 

,  J.  H.  Poynting,  to  determine  the  Mean  Density  of  the 
bh  by  means  of  an  Ordinary  Balance  in  place  of  the  Torsion 
uice,  and  to  Investigate  means  to  very  greatly  increase  the 

uracy  of  the  Balance 150 

.  Captain  Abney,  for  registering  the  Intensity  of  the  Spec- 

n  of  Daylight 50 

.  Dr.  Duncan  and  P.  Sladen,  for  Publication  of  a  Monograph 
be  Arctic  Echinodermata,  especially  those  of  Smith's  Sound 

to  the  North   GO 

.  Bevan  Lewis,  for  a  Research  into  the  Histology  of   the 
ebral  Cortex  in  Man  and  the  higher  Mammalia,  with  especial 
rence  to  the  Motor  Area  as  defined  by  Professor  Ferrier  ....        15 
.  D.  Mackintosh,   for  aid  in  tracking  Streams  of    Erratic 
cks  from  their  Parent  Rocks,  to  ascertain  the  Character  of 

Drift  Deposits  with  which  they  are  associated 25 

.  W.  C.  Williamson,  for  continuation  of  Researches  into  the 

sil  Plants  of  the  Coal  Measures    30 


• 


Carried  forward £*^<^ 
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Brought  forward £360 

8.  Professor  Lankester,  for  the  Investigation  of  the  Life- 
Histoiy  and  Specific  Forms  of  Bacteria ;  the  Relation  of  Special 
Forms  to  Special  Putrefactive  and  other  Physiological  Activities; 

and  the  Generic  and  Specific  Distinctions 40 

9.  A.  Wynter  Blyth,  for  continuation  of  Researches  into  the 
Chemical  Constitution  of  the  Poison  of  the  Cobra  de  Capello   .  •        20 

10.  M.  M.  Pattison  Muir,  for  Investigation  of  the  Chemical 
Nature  of  Essential  Oil  of  Sage,  and  the  Determination  of  the 
Chemical  and  Physical  Constituents  of  this  Oil 30 

11.  A.  Macfarlane,  for  Apparatus  to  continue  and  extend  an 
cxa<;t  experimental  Research  into  the  Conditions  of  Passage  of 

the  Disruptive  Discharge  of  Electricity    50 

12.  W.  Crookes,  for  continuing  his  Researches  connected  with 
Repulsion  resulting  from  Radiation    20O 

13.  Professor  Church,  for  continuation  of  Researches  in  Plant 
Chemistry 50 

14.  E.  Neison,  for  Computations  in  the  Lunar  Theory   75- 

15.  G.  J.  Stoney,  for  completing  a  Spectroscope  of  great 
Aperture  and  continuing  his  Experiments  on  the  Motions  in 
Gases 100* 

16.  B.  Stewart,  for  analysing  the  Records  of  Magnetic  Decli- 
nation         75- 

17.  Baron  Ettingshausen,  for  travelling  expenses,  and  main- 
t^nance  in  England  during  the  preparation  of  a  Monograph  on 

the  Eocene  Flora  of  Great  Britain 50- 

£1050-' 


Dr.  Cr. 

£  t.    d.  ,                                        £      «.    d.. 

To    Balance    on    hand,   Not.   30,  |  By  Appropriations,  as 

1877 1015  13    6  I      above I(te0    0    0- 

Grant  from  Treasiir.T,  1878   ....    1000  0    0  ,  Printing,  Postage,  and 

Bi»payment8.*  '      Advertising   8     5     7 

R.  H.  Scott,  balance  i;35    0    0  Balance  on  hand,  Nov. 

W.Ran.«iy      „  30    0    0  ,       30,1878     1032     5     8- 

65  0    0 

Interest 9  17    9  ' 

2090  II     3  i                                         2090  11     8 
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Account  of  appropriations  from  the  Government  Fund  of  £4,000 
made  by  the  Lords  of  the  Committee  of  Council  on  Educa- 
tion, on  the  recommendation  of  the  Council  of  the  Royal 
Society. 

1878. 

D.  Gill,  to  defray  expenses  connected  with  a  Determination 
of  the  Solar  Parallax  by  Observation  of  the  Dinrnal  Parallax  of 
Mars    £250 

Bev.  Dr.  Haaghton,  for  aid  in  the  Nnmerical  Reductions  of 
the  Tidal  Observations  made  on  board  the  "Discovery"  and 
**  Alert "  in  the  late  Arctic  Expedition 75 

J.  A.  Bronn,  for  continuation  of  Correction  of  the  Errors  in 
the  Published  Observations  of  the  Colonial  Magnetic  Obser- 
vatories        150 

J.  P.  Joule,  for  an  Exhaustive  Enquiry  into  the  Change  which 
takes  place  in  the  Freezing  and  Boiling  Points  of  Mercurial 
Thermometers  by  Long  Exposure  to  those  Temperatures 20(J 

Professor  Jenkin,  for  Experimental  Investigations  on  Friction       50 

W.  C.  Roberts,  for  Researches  on  Metals  and  Alloys  in  a 
Molten  State  passing  through  Capillary  Tubes 25 

J.  Kerr,  for  continuation  of  Electro-optic  and  Magneto-optic 
Researches 50 

J.  N.  Lockyer,  for  continuation  of  Spectroscopic  Researches. .      200 

Dr.  O.  J.  Lodge,  for  Investigations  into  the  Effect  of  Light  on 
the  Residual  Charge  of  Dielectrics ;  on  the  Conductivity  of  Hot 
Glass,  and  other  Transparent  Conductors ;  on  Electrolytic  Con- 
duction and  other  subjects 100 

Mr.  Stevenson,  for  aid  in  carrying  on  Observations  of  the 
Temperature  of  Salmon  Rivers  in  Scotland,  and  other  Meteoro- 
logical Observations 50 

W-  Galloway,  for  further  Investigation  of  the  Explosive  Pro- 
perties of  Mixtures  of  Firedamp  and  Coal  Dust  with  Air lOO 

Sir  W.  Thomson,  for  continuation  of  Tidal  Investigation  ....      100 

Sir  W.  Thomson,  for  experiments  in  Magnetisation  of  Different 
Qualities  of  Iron,  Nickel,  and  Cobalt  under  varying  Stresses  and 
Temperatures 100 

Jt  B.  H.  Gordon,  for  continuation  of  Experimental  Measure- 
ments of  the  Specific  Inductive  Capacity  of  Dielectrics 100 

H.  Tomlinson,  for  Researches  on  the  Alteration  of  Thermal 
and  Electrical  Conductivity  produced  by  Magnetism  ;  and  on  the 

Carried  forward £15i>^^ 
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Brought  forward £1550 

Alteration    of   Electrical    Resistance    prodaced    in  Wires    by 
Stretching 100 

H.  Alleyne  Nicholson  and  R.  Etheridge,  jun.,  for  aid  in  ex- 
amining the  Fauna  of  the  Silurian  Deposits  of  the  Girvan  Dis- 
trict, Ayrshire,  and  in  publishing  a  Descriptive  List  of  the  same       75 

W.  K.  Parker,  for  assistance  in  continuation  of  Researches 
on  the  Morphology  of  the  Vertebrate  Skeleton,  and  the  Relations 
of  the  Nervous  to  the  Skeletal  Structure,  chiefly  in  the  Head  . .      800 

R.  McLachUin,  for  aid  towards  the  expense  of  publication  of 
a  Revision  and  Synopsis  of  European  Trichoptera 50 

C.  Callaway,  for  aid  in  working  out  the  so-called  Eruptive 
Rocks  of  Shropshire,  and  in  verifying  certain  points  in  Local 
Geology 25 

H.  T.  Stainton,  in  aid  of  the  Publication  Fund  of  the  Zoolo- 
gical Record  Association 150 

J.  W.  Dawson,  for  aid  in  excavating  erect  Trees  in  the  Coal 
Formation  of  Nova  Scotia,  in  Beds  where  they  are  known  to 
contain  Reptilian  and  other  Remains 50 

Professor  A.  H.  Gurrod,  for  aid  towards  production  of  the 
Second  Fasciculus  of  an  exhaustive  Treatise  on  the  Anatomy  of 
Birds .      100 

Rev.  J.  F.  Blake,  for  aid  in  continuing  the  publication  of  a 
Synopsis  of  British  Fossil  Cephalopoda    100 

Dr.  W.  A.  Brailey,  for  Researches  on  the  Causes  determining 
the  Tension  of  the  Globe  of  the  Eye  in  Man  and  Animals,  and 
on  the  Physiological  Influence  on  this  Tension  of  such  substances 
as  Atropia,  Daturin,  Eserin,  and  Pilocarpine    50 

W.  Saville  Kent,  to  pay  for  Microscopical  Apparatus  for  the 
further  Prosecution  of  Investigations  into  the  Structure  and 
Life-History  of  certain  Lower  Protozoa    50 

Dr.  R.  H.  Traquair,  for  aid  in  preparing  and  publishing  a 
Monograph  on  the  Carboniferous  Ganoid  Fishes  of  Great  Britain       75 

E.  A.  Scbjifer,  for  payment  of  an  Assistant  in  continuing  his 
Histological  and  Embryological  Investigations    50 

H.  Woodward,  for  continuation  of  work  on  the  Fossil  Crus- 
tacea, especially  with  reference  to  the  Trilobita  and  other  Ex- 
tinct Forms,  and  their  publication  in  the  Volumes  of  the  Pa- 
Iflpontographical  Society    75 

Professor  Seeley,  for  an  Examination  of  the  Structure,  Affi- 
nities, and  Classification  of  the  extinct  Reptilia  and  allied  Ani- 
mals         75 

Dr.  Wright,  for  continuation  of  Researches  on  certain  points 

Carried  forward £2875 


1<'^7''^.]  Appropriatuni  of  fhr  ( iurrrminut   I'^ni'l.  7*J 

lirouglit  Ibrward £*J87'^ 

in  Chemical  Dynamics ;  on  the  determination  of  Chemical  Affi- 
nity in  terms  of  Electrical  Magnitudes ;  and  on  some  of  the  less 
known  Alkaloids    300 

C.  Schorlemmer,  for  continuation  of  Hesearches  into  (1)  the 
Normal  Paraffins  (2)  Suberone  (3)  Aurin   250 

E.  J.  Mills,  for  a  Research  on  Standard  Industrial  Curves    . .      100 

W.  N.  Hartley,  for  Investigation  of  the  Fluid  Contents  of 
Mineral  Cavities ;  of  the  Properties  of  the  Phosphate  of  Cerium ; 
of  Methods  of  Estimating  the  Carbonic  Acid  in  small  samples  of 
Air ;  and  of  Photographic  Speptra 150 

Dr.  Armstrong,  for  continuation  of  Researches  into  the  Phenol 
Series 250 

3925 
Administrative  Expenses 75 

£4000 
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Report  of  the  Kew  Committee  for  the  Year  ending 

October  31,  1878. 


The  Kew  Committee  has  had  its  strength  increased  daring  the  past 
year  by  the  accession  of  two  new  members,  Professor  W.  Q-.  Adams 
And  Professor  G.  C.  Foster,  and  is  now  constituted  as  follows : — 

General  Sir  E.  Sabine,  K.C.B.,  Chairman. 


Mr.  De  La  Rue,  Vice-Chairman. 
Prof.  W.  G.  Adams. 
Capt.  Evans,  C.B. 
Prof.  G.  C.  Foster. 
Mr.  F.  G^alton. 

Vice-Adm.  Sir  G.  H.  Richards, 
K.C.B. 


The  Earl  of  Rosse. 
Mr.  R.  H.  Scott. 
Lieut.-General  W.  J.  Smythe. 
Lieut. -Greneral      R.     Strachey, 

C.S.L 
Mr.  E.  Walker. 


Magnetic  Work. — The  Magnetographs  have  been  in  constant  operation 
throughout  the  year,  but  only  few  magnetic  disturbances  have  been 
registered,  the  period  being  one  of  almost  continued  magnetic  calm. 
The  most  notable  perturbation  was  that  of  May  15th. 

The  scale  values  of  all  the  instruments  were  re-determined  in 
January,  in  accordance  with  the  usual  practice. 

A  slight  alteration  has  been  made  in  the  cases  enclosing  the  hori- 
zontal and  vertical  force  magnets;  zinc  cylinders  with  glass  covers 
being  substituted  for  the  glass  shades  lined  with  gold-leaf  previously 
employed,  which  were  found  to  be  very  expensive  to  replace  in  case  of 
breakage. 

The  tabulation  of  the  magnetic  curves  has  not  been  continued 
during  the  year,  the  time  of  the  department  being  very  fully  occupied 
with  the  verification  of  magnetic  instruments. 

The  Committee  have  referred  the  whole  subject  of  the  reduction  of 
the  accumulated  magnetograph  records  to  a  Sub-Committee,  with  a 
view  of  considering  what  steps  shall  be  taken  to  utilize  them  to  the 
best  advantage. 

The  monthly  observations  with  the  absolute  instraments  have  been 
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made  as  nsiial  by  Mr.  Figg,  and  the  resalts  are  given  in  Tables 
appended  to  this  Beport 

The  catalogae  of  the  docnments  and  papers  in  the  late  Magnetic 
Office,  directed  by  Sir  E.  Sabine,  having  been  completed,  a  selection 
was  made  of  all  those  relating  to  marine  observations,  and  at  the 
request  of  the  Hychx)grapher,  these  were  transferred  to  tho  Hydro- 
graphic  Department  of  the  Admiralty. 

The  magnetic  instruments  have  been  examined  and  knowledge  of 
their  manipulation  obtained  by  Lieutenants  Speelman  and  van 
Hasselt,  of  the  Dutch  Navy ;  Professor  Greene,  of  the  United  States 
Navy ;  M.  Hooreman,  of  the  Brussels  Observatory ;  and  Dr.  T.  E. 
Thorpe,  F.R.S. 

The  latter  gentleman  made  a  series  of  base  observations  at  Kew 
before  and  after  an  extended  tour,  for  the  purpose  of  a  magnetic 
survey  along  the  fortieth  parallel  of  latitude  in  the  United  States. 

A  large  magnet  and  a  journeyman  clock,  the  property  of  the  Royal 
Observatory,  Greenwich,  which  have  been  for  many  years  at  Kew, 
have  been  returned  to  the  former  establishment  at  the  request  of  the 
Astronomer  Royal. 

Information  on  matters  relating  to  terrestrial  magnetism  and  various 
data  have  been  supplied  to  the  Hydrographic  Office,  Mr.  Adie, 
Mr.  Archbutt,  Mr.  Gordon,  and  Mr.  Frost. 

Meteorological  Work. — The  several  self-recording  instruments  for  the 
continuous  registration  respectively  of  pressure,  temperature,  humidity, 
wind  (direction  and  velocity),  and  rain  have  been  maintained  in  regular 
operation  under  the  care  of  Mr.  T.  W.  Baker,  assisted  by  J.  Hillier. 

The  daily  standard  eye  observations,  for  the  control  of  the  automatic 
records  have  been  made  regularly,  as  well  as  daily  observations  in 
connexion  with  the  Washington  synchronous  system. 

The  tabulation  of  the  meteorological  traces  has  been  regularly 
carried  on  by  Mr.  Hawkesworth,  and  copies  have  been  transmitted 
weekly  to  the  Meteorological  Office. 

In  compliance  with  a  request  made  by  the  Meteorological  Council 
to  the  Kew  Committee,  the  Observatories  at  Aberdeen,  Armagh, 
Falmouth,  Glasgow,  Stonyhurst,  and  Valencia  have  been  visited  and 
their  instruments  inspected  by  Mr.  Whipple,  who  has  also  inspected 
the  telegraph-reporting  and  climatological  stations  throughout  Ireland, 
an  allowance  has  been  made  by  the  Meteorological  Office  to  Kew,  for 
the  time  occupied  by  Mr.  Whipple  on  this  duty. 

With  the  sanction  of  the  Meteorological  Council,  weekly  abstractn 
of  the  meteorological  results  have  been  regularly  forwarded  to  and 
published  by  "the  Times,"  "Illustrated  London  News,"  and  "Mid- 
Surrey  Times ;  "  and  meteorological  data  have  been  supplied  amongst 
others  to  Mr.  G.  J.  Symons,  F.R.S.,  Dr.  Rowland,  Mr.  Mawley,  and 
the  Institute  of  Mining  Engineers. 

VOL.  xxvni.  ^^ 
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ISlectrogra/ph. — This  iDstrnment  ban  been  in  almost  continnoiis  action 
throngh  the  year  under  the  care  of  Mr.  Ham'son.  Certain  improve- 
ments  in  minor  details,  suggested  by  Sir  W.  Thomson,  Have  been 
introduced  from  time  to  time. 

It  has  been  thought  desirable  to  make  a  determination  of  the  scale 
value  of  the  instrument  throughout  the  whole  extent  of  its  range. 
The  Committee  not  possessing  a  sufficiently  powerful  battery  for  the 
purpose,  the  Electrometer  was  conveyed  at  Mr.  De  La  Rue*s  sugges- 
tion to  his  Laboratory,  where  a  complete  determination  of  its  scale 
value  was  made  over  the  range  of  tension  afforded  by  1,200  chloride 
of  silver  cells.  A  detailed  account  of  the  experiment  was  afterwards 
laid  before  the  Royal  Society,  and  printed  in  the  "  Proceedings,"  vol. 

xxvii,  p.  356.* 

At  the  request  of  Professor  Mascart,  a  typical  set  of  curves, 
illustrating  the  action  of  the  Electrograph  during  different  kinds  of 
weather,  was  reduced  and  engraved  by  the  Pantagraph  at  the 
Meteorological  Office,  and  forwarded  for  his  use  in  illustration  of  the 
lectuixjs  he  delivered  before  the  Soci6t6  Meteorologique  de  France. 

These  engravings  have  since  been  reproduced,  together  with  notes 
respecting  the  instrument,  in  a  Report  on  Atmospheric  Electricity, 
drawn  up  by  Professor  Everett,  for  the  Permanent  Committee  of  the 
Vienna  Congress,  which  is  about  to  be  published  by  the  authority  of 
the  Meteorological  Council. 

The  late  Captain  R.  Q.  Scott,  R.E.,  and  since  his  decease.  Captain  R. 
T.  Armstrong,  R.E.,  visited  the  Observatory  and  inspected  the  working 
of  the  instrument  with  the  view  of  possibly  utilizing  the  Electro- 
meter in  the  study  of  atmospheric  electricity  at  the  various  torpedo 
stations  round  the  coast. 

Two  Electrographs,  similar  in  construction  to  the  instrument  at 
Kew,  have  been  constructed  by  Mr.  White,  of  Glasgow,  and  after 
examination  at  the  Observatory,  forwarded,  the  one  to  the  Brussels 
Observatory,  the  other  to  Zi-ka- Wei,  China. 

Phofoheliograph, — The  re-examination  of  the  measurements  of  the 
Kew  sun-pictures,  as  noticed  in  former  Reports,  has  been  steadily 
carried  on  throughout  the  year  by  Mr.  Whipple,  assisted  by  Mr. 
McLaughlin,  who  has  been  temporarily  engaged  for  this  purpose. 

During  the  year  upwards  of  400  pictures  have  been  measured,  and 
it  is  hoped  that  the  end  of  the  series  will  be  reached  in  the  early 
months  of  1879. 

*  With  the  riew  of  rendering  the  indications  of  the  instrument  better  adapted 
for  treatment  with  the  Harmonic  Analyser,  it  is  in  contemplation  to  somewhat  alter 
the  existing  bifilar  suspension  of  the  needle,  and  at  the  same  time  to  adopt  the 
new  insulating  stand  devised  bj  Professor  Mascart  ("  Nature,"  toL  zriii,  p.  44) 
K  hich  will  be  substituted  for  the  present  supports  of  the  water  reeenroir.  These 
changes  may  cause  a  short  discontinuity  in  the  obserrations. 
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Mr.  Marth  is  still  engaged  on  the  reduction  to  heliocentric  elementR 
of  the  pictures  for  1864  to  1868  inclusive. 

All  of  these  operations  have  been  conducted  under  the  direction  and 
at  the  expense  of  Mr.  De  La  Rue. 

The  eye-observations  of  the  sun,  after  the  method  of  Hofrath 
Schwabe,  have  been  made  daily,  when  possible,  as  described  in  the 
Report  for  1872,  in  order  for  the  present  to  maintain  the  continuity 
of  the  Kew  record  of  sun-spots. 

Extra  Ohservations, — The  Solar-radiation  Thermometers  are  stiU 
observed  daily,  and  a  new  form  of  the  instrument  designed  by  Pro- 
fessor G.  C.  Foster,  is  at  present  undergoing  trial. 

The  question  of  observing  Solar  Radiation  having  been  referred  by 
the  Meteorological  Council  to  the  Kew  Committee,  a  sub-committee 
has  been  appointed  to  take  the  whole  subject  into  consideration. 

The  Campbell  Sundial  described  in  the  1875  Report,  continues  in 
action,  |i,nd  the  improved  form  of  the  instrument,  giving  a  separate 
record  for  every  day,  of  the  duration  of  sunshine,  has  been  regu- 
larly worked  throughout  the  year  and  its  curves  tabulated. 

A  paper  comparing  the  relative  amount  of  sunshine  recorded  by  this 
instrument  during  the  year  1877,  with  the  amount  registered  at  the 
Royal  Observatory,  Greenwich,  by  a  similar  apparatus,  has  been  read 
by  the  Superintendent  before  the  Meteorological  Society,  and  pub- 
lished in  their  Quarterly  Report,  vol.  iv.  No.  28.  It  shows  that  the 
difference  in  the  total  duration  of  sunshine  observed  at  the  two 
stations,  which  amounted  to  171  hours  in  the  year,  was  in  great  mea- 
sure due  to  the  preponderance  of  westerly  winds,  which  carry  the 
smoke  of  the  metropolis  over  the  Royal  Observatory. 

A  copy  of  the  Kew  instrument,  constructed  by  Mr.  Browning  for 
the  Brussels  Observatory,  has  been  compared  at  the  Observatory ;  and 
another  instrument,  with  a  new  form  of  mounting,  designed  by  Mr. 
R.  J.  Lecky,  F.R.A.S.,  is  at  present  being  tried. 

Wind  Comjxment  Integrator, — This  instrument,  at  the  time  of  the 
last  Report,  was  working  temporarily,  attached  to  the  Kew  Anemo- 
graph. This  arrajigement  was  found,  however,  to  interfere  with  the 
regular  action  of  the  latter  instrument,  and  accordingly  its  own  cups 
and  vane,  sent  over  by  Professor  von  Oettingen,  have  been  fitted  to  it 
by  Mr.  R.  W.  Munro ;  and  with  the  exception  of  a  small  period,  during 
which  it  was  under  repair  (one  of  the  cups  having  been  carried  away 
by  a  high  wind),  it  has  been  in  g^od  action.  A  comparison  of  its 
indications  with  those  of  the  ordinary  instrument  will  shortly  be 
made. 

Photo^nephoscope, — This  instrument,  designed  by  Professor  Stokes 
and  Mr..  F.  Galton  for  the  purpose  of  photographing  clouds  at  the 
time  of  their  passage  across  the  zenith,  has  been  the  subject  of  experi- 
ment for  some  time,  with  a  view  of  its  adoption  as  a  means  of  trigo- 
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nometrically  determining  the  height  of  clonds.  The  experiments  are 
still  in  progress. 

Verifications. — The  Committee  have  to  report  that  the  work  of  this 
department  of  the  Observatory  is  still  increasing,  and  its  field  ex- 
tending, the  makers  who  send  instruments  for  examination,  from 
places  both  at  home  and  abroad,  is  oontinnallj  becoming  more 
numerous. 

The  following  magnetic  instruments  have  been  yerified,  and  had 
their  constants  determined : — 

A  set  of  Magnetographs  for  the  Brussels  Observatory. 

A  IJnifilar  for  Messrs.  Negretti  and  Zambra. 

A  IJni filar  for  the  Dutch  Arctic  Expedition. 

A  Dip-circle  „  „ 

A  Fox  Circle 

An  Azimuth  Compass 

Two  Azimuth  Compasses  for  Mr.  H.  M.  Stanley.  * 

A  Dip-circle  for  the  Austro- Hungarian  Government. 

There  have  also  been  purchased  on  commission  and  verified: — a 
Unifilar  and  Dip-circle  for  the  Marine  Observatory,  San  Fernando, 
Spain ;  a  pair  of  Dipping-needles  for  Professor  Wild,  St.  Petersburg ; 
a  Unifilar,  Dip-circle,  and  Fox  Circle  for  Captain  Carl  Wille,  Horten, 
Norway ;  a  Dip-circle  for  Senhor  Capello,  Lisbon  Observatory.  There 
are  also  now  undergoing  verification  a  Dip-circle  for  Lieutenant  van 
Hasselt;  a  Dip-circle  for  the  Austro- Hungarian  Government;  a 
Unifilar,  Dip-circle,  and  Fox  Circle  for  Professor  Greene. 

Two  Sextants  have  been  verified. 

The  following  meteorological  instruments  have  been  verified,  this 
portion  of  the  work  being  entrusted  to  Mr.  T.  W.  Baker,  assisted  by 
Messrs.  Foster,  Constable,  and  Gunter : — 

Barometers,  Standard 56 

„  Marine  and  Station    137 

Total 193 

Aneroids 29 

Thermometers,  ordinary  Meteorological    ....  1435 

,,             Boiling-point  Standards  ....  47 

„             Mountain    16 

Clinical  2032 

„             Solar  radiation 65 

Total 3595 


Report  of  Hie  Kew  Committee,  85 

In  addition,  134  Thermometers  have  been  tested  at  the  melting, 
point  of  mercnrj. 

14  Standard  Thermometers  have  been  calibrated  and  divided. 
The  following  miscellaneons  instruments  have  also  been  verified  : — 

Hydrometers 356 

Anemometer 1 

A  Barograph  and  Thermograph  have  been  examined,  and  their 
scale  values  determined,  for  the  Brussels  Observatory ;  also  a  similar 
pair  of  instruments  for  the  Zi-ka-Wei  Observatory,  and  a  Thermo- 
graph for  the  Japanese  Government. 

There  are  at  present  in  the  Observatory  undergoing  verification, 
19  Barometers,  182  Thermometers,  4  Anemometers,  and  1  Rain- 
gauge. 

A  number  of  Aneroid  Barometers,  of  a  new  pattern,  have  been 
received  from  MM.  Hottinger  and  Co.,  of  Ztirich,  for  comparison. 

The  "  Hall  Mark,"  figured  in  last  report,  has  been  etched,  at  the 
desire  of  the  makers,  upon  a  number  of  the  Thermometers  compared 
at  the  Observatory. 

A  Hydraulic  Press  especially  constructed  for  the  purpose  of  sub- 
jecting Deep  sea  Thermometera  to  pressures  similar  to  those  they 
experience  when  sunk  to  great  depths,  has  been  erected  in  the  work- 
shop, by  Messrs.  Hopkinson  and  Cope.  It  is  capable  of  exerting 
a  strain  equal  to  4  tons  oo  the  square  inch.  Several  protected  Ther- 
mometers have  been  found  to  stand  this  test  successfully. 

Air  Thermometer. — The  Committee  are  taking  steps  to  obtain  a 
standard  air  thermometer. 

The  old  **  Boyal  Society  "  Standard  Barometer,  with  the  flint  and 
crown-glass  tubes  refilled  by  Kegretti  and  Zambra,  has  been  compared 
with  the  Kew  standard  daily  for  several  months.  Its  scale  has  also 
been  measured  and  its  error  determined. 

Comparison  of  Standard  Barometers, — The  account  of  the  com- 
parison of  the  Standard  Barometers  at  Greenwich  and  Kew,  which 
resulted  in  proving  a  close  agreement  between  the  standards  of  the 
two  Observatories,  was  published  in  the  "Royal  Society  Proceed- 
ings," vol.  xxvii,  p.  76. 

With  a  view  to  determine  the  source  of  small  variations  in  the 
correction  to  the  working  standard  of  the  Observatory  (Newman  34) 
and  the  large  Welshes  standards,  numerous  comparisons  have  been 
made  between  the  instruments,  from  time  to  time,  but  as  yet  without 

success. 

Professor  B.  Stewart  has  had  similar  series  of  readings  made 
between  the  Owens  College  ordinary  Standard  Barometer  and  one 
after  the  Kew  model,  also  filled  by  Welsh's  system.  The  results  tend 
to  show  a  mo6t  close  agreement  between  the  two  foTma  ol  \xkE\xxL- 
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ment.  For  a  complete  acconnt  of  these  experiments,  see  '*  Mancbester 
Philosophical  Society's  Proceedings,"  vol.  xvii.  No.  10. 

Freezing  Point  of  Water, — In  consequence  of  a  commnnication  from 
Dr.  Guthrie  as  to  the  presence  of  cryohjdrates  in  water  lowering  its 
freezing  point,  a  series  of  experiments  was  made  for  determining  the 
melting  point  of  distilled-water  ice,  rainwater  ice,  clean  pond  ice,  and 
the  commercial  ice  used  at  the  Observatory.  It  was  found  to  be 
practically  identical  in  all  the  specimens  examined,  the  differences 
observed  only  amounting  to  a  few  hundredths  of  a  degree  Fahrenheit. 

Waxed  Paper,  8fe,,  supplied, — ^Waxed  paper  has  been  supplied  to  the 
following  Observatories : — 

Bombay.  Montsouris. 

Brussels.  Badcliffe. 

Coimbra.  Zi-Ka-Wei. 

A  supply  of  chemical  and  photographic  material  has  also  been  pro- 
cured for  the  Coimbra  Observatory. 

A  set  of  lamps,  for  use  with  Magnetograpbs,  has  been  supplied  to 
the  Mauritius  Observatory. 

Loan  Exhibition, — The  old  instruments  (with  the  exception  of  a 
Magnet,  the  property  of  the  Royal  Observatory,  Greenwich,  and  a 
Unifilar  Magnetometer)  lent  to  the  Science  and  Art  Department, 
enumerated  in  the  Report  for  1876,  remain  for  the  present  deposited 
in  the  galleries  at  South  Kensington. 

A  Dip-circle,  the  property  of  Mr.  Dover,  has  been  withdrawn  from 
the  collection. 

Workshop. — The  several  pieces  of  Mechanical  Apparatus,  such  as  the 
Whitworth  Lathe  and  the  Planing  Machine,  procured  by  Grants  from 
either  the  Government  Grant  Fund  or  the  Donation  Fund,  for  the  use 
of  the  Kew  Observatory,  have  been  kept  in  thorough  order,  and  many 
of  them  are  in  constant,  and  others  in  occasional  use  at  the  Obser- 
vatory, but  the  funds  of  the  Committee  do  not  at  present  allow  of  the 
employment  of  a  mechanical  assistant,  although  one  is  much  needed. 

Library. — During  the  year  the  Library  has  received,  as  presents,  the 
publications  of 

11  English  Scientific  Societies  and  Institutions, 

43  Foreign  and  Colonial  Scientific  Societies  and  Institutions. 

YenJtilation  Experiments, — T)ie  Sanitary  Institute  of  Great  Britain 
having  applied  to  the  Committee  for  permission  to  use  the  experi- 
mental house  (which  was  unoccupied  at  the  time)  for  a  series  of 
experiments  on  the  ventilating  powers  of  cowls  of  different  form,  the 
Committee  granted  it,  and  a  large  number  of  observations  were 
made  by  them,  extending  over  several  weeks.  A  second  set,  with 
other  appliances,  is  now  about  to  be  instituted. 
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Observatory  and  Orounds, — The  buildings  and  grounds  have  been 
kept  in  repair,  and  application  has  been  made  to  Her  Majesty's  Com- 
missioners of  Woods  and  Forests  for  a  repainting  of  the  interior,  six 
years  having  elapsed  since  it  was  last  done. 

The  Committee  have  received,  as  a  donation,  from  Conmiander 
Sebastian  Gassioi,  B.N.,  busts  of  his  father,  the  late  J.  P.  Qassiot,  Esq., 
and  Qeneral  Sir  E.  Sabine. 

The  Experimental  House  and  Magnetic  Observatory  have  been 
painted  externally. 

Staff. — The  Staff  employed  at  Kew  is  as  follows: — Mr.  G.  M. 
Whipple,  B.Sc,  Superintendent ;  T.  W.  Baker,  First  Assistant ; 
J.  Foster,  J.  W.  Hawkesworth,  H.  M'Laughlin,  F.  G.  Figg,  R.  W.  F. 
Harrison,  E.  G.  Constable,  T.  Gunter,  J.  Hillier,  and  J.  Dawson. 

Mr.  C.  Robinson  resigned  his  appointment  in  March,  and  was  suc- 
ceeded by  M^r.  Hillier. 

Visitors. — The  Observatory  has  been  honoured  by  the  presence, 
amongst  others,  of : — 

Mr.  Blanford. 

Mr.  Chambers. 

The  Chinese  Educational  Mission. 

Captain  De  La  Haye. 

Professor  Everett. 

Mons.  Houzeau. 

The  Hydrographer  of  the  Japanese  Navy. 

Lieutenant-General  Sir  J.  H.  Lefroy. 

Professor  E.  Mascart,  Directeur  du  Bureau  Central  M6t6oro- 

logique,  Paris. 
Captain  von  Obermayer. 
Dr.  Wijkander. 


(Signed)        Wabben  De  La  Rue, 

VicC'Chamnan. 
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APPENDIX  I. 


MagneUe  ObaervaUons  made  at  the  Kew  Observatory^  Lot.  51°  28'  6"  ^., 
Long.  0^  1"  15»1  W.,for  the  year  October  1877  to  September  1878. 

The  observations  of  Deflection  and  Vibration  given  in  the  annexed 
Tables  were  all  made  with  the  Collimator  Magnet  marked  K  C  1,  and 
the  Kew  9-inch  Unifilar  Magnetometer  by  Jones. 

The  Declination  observations  have  also  been  made  with  the  same 
Magnetometer,  Collimator  Magnet  N  E  being  employed  for  the  purpose. 

The  Dip  observations  were  made  with  Dip.  circle  No.  33,  the  needles 
1  and  2  only  being  nsed ;  these  are  3^  inches  in  length. 

The  results  of  the  observations  of  Deflection  and  Vibration  give  the 
values  of  the  Horizontal  Force,  which,  being  combined  with  the  Dip 
observations,  furnish  the  Vertical  and  Total  Forces. 

These  are  expressed  in  both  English  and  metrical  scales — the  unit  in 
the  first  being  one  foot,  one  second  of  mean  solar  time,  and  one 
grain ;  and  in  the  other  one  millimetre,  one  second  of  time,  and  one 
milligramme,  the  factor  for  reducing  the  English  to  metric  values 
being  0*46108. 

By  request,  the  corresponding  values  in  C.G.S.  measure  are  also 
given. 

The  value  of  log  v^K  employed  in  the  reduction  is  1*64365  at  tem- 
perature 60°  F. 

The  induction-coefficient  /a  is  0*000194. 

The  correction  of  the  magnetic  power  for  temperature  ^^  to  an 
adopted  standard  temperature  of  35"  F.  is 

0•0001194(^o-35)+0•000,000,213(io-35)^ 

The  true  distances  between  the  centres  of  the  deflecting  and  deflected 
magnets,  when  the  former  is  placed  at  the  divisions  of  the  deflection. 
bar  marked  10  foot  and  13  feet,  are  1000075  feet  and  1*300097  feet 
respectively. 

The  times  of  vibration  given  in  the  Table  are  each  derived  from  the 
mean  of  12  or  14  observations  of  the  time  occupied  by  the  magnet  in 
making  100  vibrations,  corrections  being  applied  for  the  torsion-force 
of  the  suspension-thread  subsequently. 

No  corrections  have  been  made  for  rate  of  chronometer  or  arc  of 
vibration,  these  being  always  very  small. 

The  value  of  the  constant  P,  employed  in  the  formula  of  reduction 

—  =^!(l-— A  is  -000179. 

In  each  observation  of  absolute  Declination  the  instrumental  read- 
ing^ have  been  referred  to  marks  made  upon  the  stone  obelisk  erected 
about  a  quarter  of  a  mile  north  of  the  Observatory  as  a  meridian  mark, 
the  orientation  of  which,  with  respect  to  the  Magnetometer,  was  de- 
termined by  the  late  Mr.  Welsh,  and  has  since  been  carefully  verified. 

The  observations  have  all  been  made  and  reduced  by  Mx.  ¥*  C^.^S\sg^. 
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Obserrations  of  Deflection  for  Absolnte  Ueasore  of  Horizontal  Force. 


1877. 
Octobci . . . 

Norembor. 

December . 
1878. 

Fcbraary  . 

M»r 

Jnlj 

AugDit  .  .  . 
September. 


2  38 

27  IB  31  P. 

2  IB 

21  12  35  F, 

S  30 

28  12  41  F. 

2  31 
2G  12  16  r. 

2  13 
27  12  18  r. 

2  23 
27  12  39  P. 

2  25 


26  12  12  p. 

2  39 
ao  13  42  P. 

2  87 
28  12  27  P. 

2  39 
2i  12  33  p. 

2  37 


15  37  2fi 

7  2  47 
15  37  14 

7  2  37 
IS  39  24 

7  3  45 
15  37  55 

7  2  54 
IS  33  32 

7  2  12 
15  35  43 

7  2  6 
13  34  23 

7  1  32 
15  84  12 

7  1  21 


7  1  22 

15  33  2G 
7  1  8 

IS  33  G2 
7  1  10 

15  33  16 
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Vibration  Observations  for  Absolute  Measure  of  Horizontal  Force. 


Month. 


1877. 
October.. .. 


Norember, 


December 


1878. 
January. . . . 


February 


March. 


April 


Hay. 


June 


July, 


August 


September. 


Qt,  M.  T. 


d.   h.  m. 

26  11  52A.1C. 

3  Up.m. 

27  11  45  A.M. 


Tempe- 
rature. 


2  58  p.m. 

54*9 

21  11  54  a.m. 

420 

8  5  P.M. 

460 

28  12  Onoon. 

44*5 

3  9  p.m. 

440 

26  11  37  a.m. 

49-7 

2  49  p.m. 

52*4 

27  11  31  A.M. 

443 

3  4  P.M. 

54-7 

27  11  21  A.M. 

6C-7 

3  2  P.M. 

65-4 

27  11  53  a.m. 

65-4 

3  13  p.m. 

701 

26  11  56  a.m. 

881 

3  15  p.m. 
29  11  57  a.m. 

3  17  p.m. 
28  11  45  a.m. 

3  15  p.m. 
24  11  52  a.m. 

3  Up.m. 


542 


611 
535 


90-2 
736 
730 
71*3 
710 
56*2 
61-4 


Time  of 
one  Vi- 
bration. 


4-6353 

4-6356 

4-6328 

4-6331 

4-6266 

4-628G 

4-6290 

4-6308 

4-6305 

4-6316 

4-6331 

4-6338 

4-6305 

46366 

4-6383 

4*6381 

4-6454 

4-6434 

4-6418 

4-6398 

4-6407 

4*6385 

4*6361 

4-6310 


Log  «iX 

Mean. 


0-31152 


0*31187 


0*31224 


0-31182 


Value 
of  f». 


0-31200 


0-31133 


0*52661 


0*52673 


0-52672 


0-62674 


0-62657 


0-31166 


0*31188 


0-31195 


0-31175 


0*31184 


0*52630 


0-31188 


0*52650 


0*62637 


0*52627 


0-62631 


u 

J 

o 


»» 


F. 
F. 


»» 


F. 


0*52645      „ 
F. 


>> 


F. 


0-62636      „ 
F. 


>» 
F. 

it 
F. 

it 
F. 

tt 
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Dip  Obseryations. 


onth. 

a.  M.  T. 

• 

1 

Dip. 

1 

S 

m 

a 
o 

G.  M.  T. 

• 

Dip. 

• 

S 

;zj 

O 

^ 

^ 

0 

North. 

NiHrth, 

1877. 

d.   h.  m. 

No. 

^  45'97 

1878. 

d.  h.  m. 

No. 

6^  44-68 

Oct. 

29  3    8  p.m. 

1 

F. 

Apl. 

29  3    4  p.m. 

1 

F. 

3  10   „ 

2 

4519 

99 

8    1.. 
30  3  29    ,. 

2 

1 

4412 
44-62 

n 

Not. 

Mean. . 

F. 

May 

3  27    „ 
Mean. . 

2 

43-00 

n 

F. 

67  45-58 

67  44-10 

28  2  56P.if. 

1 

29  3    7  P.M. 

67  44-31 

1 

67  48-81 

2  67   ,. 

2 

4416 

1) 

8    7   „ 

2 

44-06 

91 

30  2  49   ,, 

1 

44-75 

»i 

30  8    9   ., 

1 

44-68 

H 

Dec. 

2  48   „ 
Mean. . 

2 

4409 

F. 

June 

3  12   „ 
M<^an. . 

2 

4412 

» 

F. 

67  44-33 

67  4417 

20  2  55  p.m. 

1 

27  8  19  P.M. 

67  44-87 

1 

67  42*12 

2  64   „ 

2 

4406 

it 

8  17   „ 

2 

41-87 

1) 

24  2  50   „ 

1 

44-87 

if 

28  8    7   „ 

1 

43-81 

M 

1878. 

2  51    „ 
Mean. . 

2 

44-06 

fi 

3    8   „ 
Mean. . 

2 

41-81 

If 

67  44-46 

67  42-28 

Jan. 

29  2  55  P.M. 

1 

67  45-12 

F. 

July 

30  3    6  p.m. 

1 

67  43-06 

F. 

2  55    „ 

2 

44-19 

n 

3    5., 

2 

41*82 

tf 

30  2  63    „ 

1 

44-81 

)l 

31  3    4   ,, 

1 

44-00 

n 

Feb. 

2  54   „ 
Mean. . 

2 

44-50 

F. 

Aug. 

3    6    „ 

Mean. . 

2 

43-00 

n 

F. 

67  44-65 

67  42-8  i 

27  2  50  p.m. 

29  3  15  p.m. 

1 

1 

67  44-75 

67  43-68 

2  48   „ 

2 

43-50 

)) 

3  15    „ 

2 

4300 

n 

28  3    0   „ 

1 

4512 

»> 

30  3  16    .. 

1 

48*31 

n 

Mar. 

8    0    „ 
Mean. . 

28  2  54  p.m. 

2 

44-31 

1) 
F. 

Sept. 

8  15   „ 
Mfan^  t 

2 

4318 

n 
P. 

•    •  • 

67  44-42 

67  43-29 

25  8    2  P.M. 

1 

1 

67  44-69 

67  43-58 

2  53    „ 

2 

43-94 

» 

8     1    „ 

2 

43-43 

It 

29  2  57   „ 

1 

44-68 

)* 

26  8    0   .. 

1 

43-75 

II 

2  67   „ 
Mean. . 

2 

4381 

It 

3     1    „ 
Mean.  • 

2 

43-81 

i> 

67  44*28 

67  43-63 
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DeoUnatioii  ObBervationB. 


Uoooirected. 

Corrected  for  Toreion. 

O 

lonth. 

a.  u.  T. 

Obierra- 

tion. 

Mj^|y 

Ohier™- 
tion. 

HonthlT 
Meu). 

1877. 
ober.... 

d.  li.  m. 

29  IB  8*  P.M. 

West, 
f 9  18  M 

Wert, 

We.t. 
1°9  18  56 

We.t. 

F. 

30  12  33   „ 

19  20  23 

19  19  4^ 

19  20  28 

19  19  4£ 

innber.. 

28  12  87    „ 

19  16  62 

19  17  63 

F. 

29  12  84   „ 

19  16  48 

19  16  20 

19  16  48 

19  17  20 

nnber  .. 

28  IE  35   „ 

19  16  21 

19  16  32 

F. 

X878. 
nmry.... 

24  12  29   „ 

29  12  22   „ 

19  16  60 
19  16  40 

19  16    6 

19  16  60 
19  16  40 

19  16  41 

F. 

30  12  31    ,. 

19  13  25 

19  15    2 

19  14  45 

19  16  42 

„ 

«IW7.  .. 

27  12  28   „ 

19  21  20 

19  18  60 

P. 

28  12  40   „ 

19  17  23 

19  19  21 

19  16  38 

19  17  41 

„ 

rch 

28  12  30   „ 

19  11  33 

19  13  29 

F. 

29  12  29   „ 

19  17  36 

19  14  34 

19  16  39 

19  14  84 

„ 

fU 

29  12  29   „ 

19  13  47 

19  10  69 

F. 

30  12  86   „ 

19  14  26 

19  U    6 

19  17  12 

19  14    5 

„ 

T 

29  12  30   „ 

19  12    9 

19  13  36 

F. 

30  12  42   „ 

19  17  46 

19  14  67 

19  17  46 

19  16  41 

„ 

M 

27  12  SO   „ 

19  15  10 

19  17  Bl 

F. 

28  12  3S    ,. 

19  19    6 

19  17    8 

19  20  53 

19  19  22 

„ 

T 

30  12  19   „ 

19  12  62 

19  12  18 

F. 

31  12  30   „ 

19  13  32 

19  13  12 

19  12  36 

19  12  27 

„ 

tnrt 

29  12  33    „ 

19  17  44 

19  16  59 

F. 

31  12  40   „ 

19  12    9 

19  14  56 

19  13  63 

19  14  66 

„ 

2S  12  27   „ 

19    9  60 

19  12  10 

F. 

2S  12  23    „ 

19  13  33 

19  11  41 

19  13  33 

19  12  61 

94 


Report  of  the  Kew  Committee. 


Magnetic  [ntensitj. 


Month. 


1877. 
October . . 


NoTomber 


December 

1878. 
January.. 


February . 


March  . . . 


April  .... 


Engliflh  Unite. 


X,  or 

Hori- 
zontal 
Force. 


Y,  or 
Ver- 
tical 
Force. 


May 


June. 


3-8907 


3-8930 


3-8963 


3-8923 


3*8953 


8-8902 


3-8943 


3-8958 


3-8953 


Total 
Force. 


July 8-8946 


August. . .    3-8961 


September 


3-8962 


9-5148 


9-5104 


9-5196 


9-5113 


9-5168 


9-5032 


9-5117 


9-5161 


9-4999 


9-5025 


9-5098 


9-6128 


10-2795 


10-2764 


10-2861 


10-2771 


10-2830 


10-2686 


10-2783 


10-2828 


10-2676 


10-2698 


10-2768 


10-2797 


Metric  Units. 


X,  or 

Ilori- 

zontal 

Force. 


1-7939 


1-7950 


1-7965 


Y,  or 
Ver- 
tical 
Force. 


Total 
Force. 


C.  Qt.  S.  Measure. 


4-3871 


4-3851 


4-3893 


1-7947    4-3855 


1-7961 


1-7937 


1-7956 


1-7963 


1-7961 


1-7957 


1-7964 


1-7965 


4-3880 


4-8818 


4-3857 


4-7397 


4-7383 


4-7427 


4-7886 


4-7413 


4-7347 


4-7891 


X,  or 
Hori- 
zontal 
Force. 


Y,  or 
Ver- 
tical 
Force. 


4-8877    4-7412 


4-3803 


4-8815 


4-3848 


4-8862 


4-7342 


4-7352 


4-7385 


4-7398 


01794 


01795 


01796 


0-1795 


01796 


01794 


01796 


0-1796 


0-1796 


0-1796 


01796 


01796 


0-4387 


0-4385 


0-4389 


0-4885 


0-4888 


0-4882 


0-4386 


0-4388 


0-4380 


0-4881 


0-4385 


0-4386 


Total 
Foroe. 


0-4740 


0-4788 


0-4743 


0-4719 


0-4741 


0-4736 


0-4719 


0-4741 


0-4784 


0-4785 


0-4788 


0-4740 
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Presents f  November  21,  1878. 

Transactions. 

Berlin : — Physikalische  Gesellschaft.  Die  Fortschritte  der  Physik 
im  JaLre  1873,  redigirt  von  Dr.  B.  Schwalbe.  Jakrgang  29, 
8vo.  1877.  The  Society. 

Bologna  :-^Accademia  delle  Scienze  del?  Istituto.  Memorie.  Serie 
3.  Tomo  VII,  VIII,  IX,  (fasc.  1-2).  4to.  1876-78.  Rendiconto 
delle  Session!.  Anni  Acad.  1876-77,  1877-78.  8vo. 

The  Academy. 

Bordeaux  : — Societe  des  Sciences  Physiques  et  Naturelles.  Me- 
moires.  2*  Serie.  Tome  II.  Cahier  3.  8vo.  Paris  1878. 

The  Society. 

Boston  [U.S.] : — American  Academy  of  Arts  and  Sciences.  Pro- 
ceedings. Vol.  XIII.  Part  2,  3.  (New  Series.  Vol.  V.)  8vo. 
1878.  The  Academy. 

Boston  Society  of  Natural  History.  Memoirs.  Vol.  II.  Part  4. 
No.  6.  Appendix,  Index,  and  Title-page.  -ito.  Proceedings. 
Vol.  XIX.  Part  1,  2.  8vo.  1877.  The  Society. 

Dublin: — Royal  Irish  Academy.  Transactions.  Vol.  XXV.  Sci- 
ence. 20.  Vol.  XXVI.  Science.  6-16.  Vol.  XXVII.  Polite 
Literature.  Part  1.  4to.  1875-78.  Proceedings.  Series  2. 
Vol.  I.  Polite  Literature.  No.  12.  Vol.  11.  Science.  No.  7. 
Vol.  III.  Science.  No.  1.  8vo.  1877.  -^neidea,  or  Critical^ 
Exegetical,  and  ^sthetical  Remarks  on  the  ^neis,  by  James 
Henry.  Vol.  I.  2.  Part  1.  8vo.  1873^78.  The  Academy. 

Eastbourne : — Natural  History  Society.  Papers.  1870-77.  Reports 
3  to  9.  4to.  On  the  Decapod  Crustacea,  by  F.  C.  S.  Roper 
and  C.  J.  Muller.    8vo.  1869.  The  Society. 

Geneva: — Societe  de  Physique  et  d'Histoire  Naturelle.  Mdmoires. 
Tome  XXV.  4to.  Geneve  1877-78.  The  Society. 

Hermannstadt.  Siebenbiirgischer  Vcrein  fiir  Naturwissenschaften. 
Verhandlungen  und  Mittheiluiigen.  Jahrgang  19  (1868),  28 
(1878).  8vo.  The  Society. 

Jena: — Medicinisch-Naturwissenschaftliche  Gresellschaft.  Denk- 
schriften.  Band  II.  Heft  1.  4to.  1878.  Jenaische  Zeitschrift 
fur  Naturwissenschaft.  Band  XU.  Heft  3,  4.  8vo.  1878. 

The  Society. 

Kiel : — Universitat.  Schriften  aus  dem  Jahre  1877.  Band  XXIV. 
4to.  1878.  The  University. 

Lisbon : — Academia  Real  das  Sciencias.  Memorias.  Classe  de  Sci- 
encias  Mathematicas,  Physicas,  e  Naturaes.  Nova  Serie.  Tomo 
V.  Parte  1.  Classe  de  Sciencias  Moraes  Politicas,  e  Bellas 
Lettras,  Historia  e  Memorias.  Nova  Serie.  Tomo  IV.  Parte  2. 
4to,  Lishoa  186^-77.    Jomal  de  Sciencias  Math.  Phys.  e  Nat. 
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Transactions  (coiUinued). 

Tomo  IV,  V,  No.  28.  8vo.  1873-76-78.  Sessao  PubUca. 
1875-77.  8vo.  Conferencias  1-3.  8vo.  1877.  Corpo  Diplo- 
matico  Portagaez.  Tomo  Y.  4:to.  1874.  Decada  13  da  His- 
toria  da  India,  composta  por  Antonio  Bocarro.  Parte  1,  2.  4to. 

1876.  Quadro  Elementar  das  Rela9oes,  Politicas,  e  Diplo- 
maticas  do  Portugal.  Tomo  XII,  XIII.  8vo.  1874-76.  His- 
toria  doB  Estabelecimentos  Scientificos,  Litterarios,  e  Artisticos 
de  Portugal,  por  J.  S.  Ribeiro.  Tomo  IV-VII.  8vo.  1874-78. 
Portugaliffi  Monumenta  Historica,  Diplomata  et  CharteB.  Vol.  I. 
fasc.  4.  Legum  et  Consuetudinum  Vol.  I.  Index  G^neralis. 
folio.  Olisipone  1873.  Historia  do  Congo.  8vo.  1877.  Chimica 
Agricola,  por  J.  I.  Ferreira  Lapa.  8vo.  1875.  Tratado  Ele- 
mentar de  Optica,  por  A.  A.  de  Pina  Vidal.  8vo.  1874.  Gurso 
deMeteorologia,por  A.  A.  de  PinaVidal.  8vo.  1869.  Moli&re, 
O  Doente  de  Scisma.  12mo.  1878.  The  Academy. 

Liverpool : — Historic  Society  of  Lancashire  and  Cheshire.     Trans- 
actions.    Third  Series.  Vol  V^I .  8vo.  1878.         The  Academy. 
London : — Clinical  Society.     Transactions.     Vol.  XI.  8vo.  1878. 

The  Society. 

Institution  of  Naval  Architects.     Transactions.     Vol.  XIX.  4to. 

1878.  The  Institution. 

Linnean  Society.    Transactions.    Second  Series.    Zoology.  Vol.  I. 

Part  7.  4to.  1878.     Journal.     Zoology.  Vol.  XIV.  No.  75,  76. 

Botany.  Vol.  XVII.  No.  98,  99.  8vo.  1878.  The  Society. 

Pathological  Society.     Transactions.     Vol.  29.  8vo.  1878. 

The  Society. 

Hoyal   Society   of   Literature.      Transactions.      Second   Series. 

Vol.  nL    Part  1,3.    Vol  IV,  V.    Part  1,2.    Vol.  IX.    Part  3. 

8vo.  1847-70.  The  Society. 

Zoological  Society.     Transactions.     Vol.  X.     Part  7,  8,  9.   4to. 

1878.     Proceedings   of  the  Scientific  Meetings.     1878.     Part 

2,  3.  8vo.  The  Society. 

Lyons : — Society  d' Agriculture,  Histoire  Naturelle  et  Arts  Utiles. 

Annales.     4*  s^rie.     Tome  IX.  8vo.  Lyoii,  1877. 

The  Society. 
Socidt^  Linn^enne.     Annales.     Ann^e  1876.     Tome  XXIII.  8vo. 

1877.  The  Society. 
Madison: — Wisconsin  Academy   of    Sciences,   Arts,   and   Letters. 

Transactions.     Vol.  III.  8vo.  1876.  The  Academy. 

Milan : — Reale  Istituto  Lombardo  di  Scienze  et  Lettere.  Memorie. 
Classe  di  Scienze  Matematiche  e  Naturali.  Vol.  XIII.  fasc.  3. 
Vol.  XrV.  fasc.  1.  Classe  di  Lettere  e  Scienze  Morali  e  Poli- 
tiche.  Vol.  XIIL  fasc.  3.  4to.  1877-78.  Rendiconti.  Serie2. 
Vol.  IX,  X.  8vo.  1876-77.  T\ie  liiB.\.\Wofc, 
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Transactions  (^coiUmvsfJ), 

Newcastle-npon-Tjne: — North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.    Transactions.   Vol.  XXVTE.  8vo.  1878. 

The  Institute. 
Philadelphia: — American    Philosophical    Society.       Proceedings. 

Vol.  XVII.   No.  101.  8vo.   1878.     Catalogue  of  the  Library. 

Part  8.  8vo.  1878.  The  Society. 

Plymouth : — Devonshire  Association  for  the  advancement  of  Science, 

Literature,  and  Art.      Report  and  Transactions.     Vol.  X.  8vo. 

Plymouth  1878.  The  Association. 

Plymouth  Institution  and  Devon  and  Cornwall   Natural   History 

Society.     Annual  Report  and  Transactions.   Vol.  VI.   Part  2. 

8vo.  1878.  The  Plymouth  Institution. 

Vienna : — Q^ographische  Gesellschafb.    Mittheilungen.  1877.  Band 

XX.  8vo.  Wien  1877.  The  Society. 

Zoolog^sch-botanische     Qesellsohaft.       Verhandlungen.        Band 

XXVII.  8vo.  1878.  ^  The  Society. 

Wellington  : — New  Zealand  Institute.  Transactions  and  Proceedings. 

Vol.  X.  8vo.  1878.  The  Institute. 

Ztirioh  : — ^Naturforschende  Gesellschaft.   Vierteljahrsschrif t,  redigirt 

von  Rudolf  Wolf.     Jahrgang  21,  22.  8vo.  1876,  77.  Neujahra- 

blatt  1877,  1878.  79,  80.  4to.  The  Society. 


Observations,  Reports,  &c, 

Buenos  Aires : — Oficina  Meteorologica  Argentina.  Anales  por 
Benjamin  A.  GU)uld.  Tomo  I.  Clima  de  Buenos  Aires.  4to. 
1878.  The  Institution. 

Cambridge  [U.S.]  : — Astronomical  Observatory  of  Harvard  College. 
Annals.  Vol.  IV.  Part  2.  Observations  in  Right  Ascension  of 
505  Stars,  ^to.  Oamhridge  1878.  Vol.  IX.  Photometric  Re- 
searches. 4to.  Leipzig  1878.  The  Observatory. 
Museum  of  Comparative  Zoology  at  Harvard  College.  Bulletin. 
Vol.  IV  (Terrestrial  Air-Breathing  Mollusks,  by  W.  G.  Binney, 
Text  and  Plates).  Vol.  V.  Nos.  2-6.  8vo.  1878. 

The  Museum. 

London : — British  Museum.  Illustrations  of  typical  specimens  of 
Lepidoptera  Heterocera,  by  A.  G.  Butler.  Part  2.  4to.  1878. 
Catalogue  of  the  Chiroptera,  by  G.  E.  Dobson.  8vo.  London 
1878.  Catalogue  of  Greek  Coins.  The  Seleucid  Elings  of 
Syria,  by  P.  Gardner,  edited  by  R.  S.  Poole.  8vo.  1878.  Guide 
to  the  Exhibition  Rooms.  8vo.  1878.  Guide  to  the  Second 
Vase  Room.  2  Parts.  12mo.  1878.  Guide  to  Autograph  Letters, 
Ac.  12mo.  1878.  The  Trustees. 
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Observations,  Ac.  (eontinued). 

Mnsexim  of  Practical  Geology.     Catalogue  of  the  Library,  com- 
piled by  H.  White  and  T.  W.  Newton.  8vo.  1878. 

The  Museam. 

Madrid: — Observatorio  de  Marina  de  San  Fernando.  Almanaque 
Nantico  para  1879.  8vo.  1878.  The  Observatory. 

Naples : — Zoologische  Station  zu  Neapel.  Mittleilnngen.  Band  I. 
Heft  1.  8vo.  Leipzig  1878.  Dr.  Dohm. 

Washington  [U.S.] : — Geological  and  Geographical  Survey  of  the 
Territories.  Bulletin.  Vol.  IV.  No.  2,  3.  8vo.  1878.  Miscel- 
laneous Publications.  No.  10.  8vo.  1878.  Geological  and 
Geographical  Atlas  of  Colorado  and  portions  of  adjacent  terri- 
tory, by  F.  V.  Hayden.  folio.  1877.  Dr.  Hayden. 

Alvarenga  (P.  F.  Da  Costa) : — Lemons  Cliniques  sur  les  Maladies 
du  CoBur,  traduit  du  Portugais  par  E.  Bertherand.  8vo.  Lis^ 
homte  1878.  Th^  Author. 


Ansted  (D.  T.),  F.R.S.     Water  and  Water  Supply,  chiefly  in  refer- 
ence to  the  British  Islands.     Surface  Waters.   8vo.  London  1878. 

The  Author. 
Beke's  (Dr.  Charles)  Discoveries  of  Sinai  in  Arabia  and  of  Midian, 

edited  by  his  Widow.  8vo.  London  1878.  Mrs.  Beke. 

Fitzgerald  (R.  D.)     Australian  Orchids.  Part  4.  folio.  Sydney, 

The  Author. 
Foumi6  (Edouard).     Application  des  Sciences  a  la  Medecine.  8vo. 

Faris  1878.  The  Author. 

Gore  (G.),  F.R.S.     The  Art  of  Scientific  Discovery,  or  the  general 

conditions  and  methods  of  Research  in  Physics  and  Chemistry. 

8vo.  London  1878.  The  Author. 

Elingzett  (C.  T.)     Animal  Chemistry,  or  the  relations  of  Chemistry  to 

Physiology  and  Pathology.  8vo.  London  1878.  The  Author. 

Lenhossek  (Joseph  de).     Des  Deformations  Artificielles  du  Crane. 

4to.  Budapest  1878.  The  Author. 

Markham  (Clements  R.),  F  R.S.     A  Memoir  on  the  Indian  Surveys. 

Second  edition,  roy.  8vo.  London  1878.  The  Author. 

Miers  (John)  F.R.S.     On  the  Apocynaceee  of    South  America,  with 

some  prebminary  remarks  on  the  whole  family.  4to.  London  1878. 

The  Author. 
Miller  (J.)     Metaphysics,  or  the  Science  of   Perception.     8vo.  New 

Y<yrk  1875.  The  Author. 

Munk  (W.)     The  Roll  of  the  Royal  College  of  Physicians  of  London. 

Second  edition.  3  vols.  8vo.  London  1878.  The  College. 

Odling  (Mrs.)     Memoir  of  the  late  Alfred   Smee,  F.R.S.,    by  his 

Daughter.  8vo.  London,  1878.  The  Author. 

VOL.  JXTUl.  \ 
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Priisol  (Joshua).  Dreams  of  my  Solitude  on  the  Life  and  Mechanism 
of  the  Heavens  and  their  hosts.  8vo.  Edinburgh  1878. 
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December  5,  1878. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  President  announced  that  he  had   appointed   as  Vice-Presi- 
dents : — 

The  Treasurer. 
Mr.  Justice  Grove. 
Sir  Joseph  Hooker. 
Lord  Lindsay. 
Sir  John  Lubbock. 

The  Hon.  Sir  James  Cockle  (elected  in  1865)  and  Lord  Lindsay 
were  admitted  into  the  Society. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 
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I.  "  On  the  Illumination  of  Lines  of  Molecular  Pressure,  and 
the  Trajectory  of  Molecules."  By  William  Crookes, 
F.R.S.,  V.P.aS.    Received  November  30.  1878. 

(Abstract.) 

Induction  8j>arJc  through  Rarefied  Oases.     Bark  Space  round  tJie 

Negative  Pole. 

The  anther  has  examined  the  dark  space  which  appears  ronnd 
the  negative  pole  of  an  ordinary  vacnnm  tube  when  the  spark  from  an 
induction  coil  is  passed  through  it.  He  describes  many  experiments 
with  different  kinds  of  poles,  a  varying  intensity  of  spark,  and  different 
gases,  and  arrives  at  the  following  propositions. 

Illumination  of  Lines  of  Molecular  Pressure. 

a.  Setting  up  an  intense  molecular  vibration  iu  a  disk  of  metal  by 
electrical  means  excites  a  molecular  disturbance  which  affects  the 
surface  of  the  disk  and  the  surrounding  gas.  With  a  dense  gas  the 
disturbance  extends  a  short  distance  only  from  the  metal ;  but  as 
rarefaction  continues  the  layer  of  molecular  disturbance  increases  in 
thickness.  In  air  at  a  pressure  of  '078  millim.  this  molecular  dis- 
turbance extends  for  at  least  8  millims.  from  the  surface  of  the  disk, 
forming  an  oblate  spheroid  around  it. 

h.  The  diameter  of  this  dark  space  varies  with  the  exhaustion; 
with  the  kind  of  gas  in  which  it  is  produced ;  with  the  temperature 
of  the  negative  pole ;  and,  in  a  slight  degree,  with  the  intensity 
of  the  spark.  For  equal  degrees  of  exhaustion  it  is  greatest  in 
hydrogen  and  least  in  carbonic  acid,  as  compared  with  air. 

c.  The  shape  and  size  of  this  dark  space  do  not  vary  with  the 
distance  separating  the  poles;  nor,  only  very  slightly,  with  altera- 
tion of  battery  power,  or  with  intensity  of  spark.  When  the  power  is 
great  the  brilliancy  of  the  unoccupied  parts  of  the  tube  overpowers 
the  dark  space,  rendering  it  difficult  of  observation ;  but,  on  careful 
scrutiny,  it  may  still  be  seen  unchanged  in  size,  nor  does  it  alter  even 
when,  with  a  very  faint  ypark,  it  is  scarcely  visible.  On  still  further 
reduction  of  the  power  it  fades  entirely  away,  but  without  change  of 
form. 

The  author  describes  numerous  experiments,  devised  to  ascertain 
if  this  visible  layer  of  molecular  disturbance  is  identical  with  the 
invisible  layer  of  molecular  pressure  or  stress,  the  investigation  of 
which  has  occupied  him  for  some  years. 

Tlie  Electrical  Eadiomefer. 

One  of  these  experiments  is  as  follows : — An  ordinary  radiometer 
is  made,  with  aluminium  disks  for  vanes,  each  disk  coated  with  a 
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film  of  mica.  The  fly  is  supported  by  a  hard  steel  cup  instead  of  a 
glass  cup,  and  the  needle  point  on  which  it  works  is  connected 
by  means  of  a  wire  with  a  platinum  terminal  sealed  into  the  glass. 
At  the  top  of  the  radiometer  bulb  a  second  terminal  is  sealed  in. 
The  radiometer  can  therefore  be  connected  with  an  induction  coil, 
the  movable  fly  being  made  the  negative  pole. 

Passing  over  the  phenomena  observed  at  low  exhaustions,  the  author 
finds  that,  when  connected  with  the  coil,  a  halo  of  a  velvety  violet 
light  forms  on  the  metallic  side  of  the  vanes,  the  mica  side  remaining 
dark  throughout  these  experiments.  As  the  pressure  diminishes,  a 
dark  space  is  seen  to  separate  the  violet  halo  from  the  metal.  At  a 
pressure  of  half  a  millim.  this  dark  space  extends  to  the  glass,  and 
positive  rotation  commences. 

On  continuing  the  exhaustion,  the  dark  space  further  widens  out 
and  appears  to  flatten  itself  against  the  glass,  and  the  rotation  becomes 
verympid. 

When  aluminium  cups  are  used  for  the  vanes  instead  of  disks 
backed  with  mica,  similar  appearances  are  seen.  The  velvety  violet 
halo  forms  over  each  side  of  the  cup.  On  increasing  the  exhaustion 
the  dark  space  widens  out,  retaining  almost  exactly  the  shape  of 
the  cup.  The  bright  margin  of  the  dark  space  becomes  concentrated 
at  the  concave  side  of  the  cup  to  a  luminous  focus,  and  widens  out 
at  the  convex  side.  On  further  exhaustion,  the  dark  space  on  the 
convex  side  touches  the  glass,  when  positive  rotation  commences, 
becoming  very  rapid  as  the  dark  space  further  increases  in  size,  and 
ultimately  flattening  against  the  glass. 

Canvergence  of  Molecular  RayR  to  a  Focus, 

The  subject  next  investigated  is  the  convergence  of  the  lines  of  force 
to  a  focus,  as  observed  with  the  aluminium  cup.  As  this  could  not  be 
accomplished  during  rapid  rotation,  an  instrument  was  made,  having 
the  cup-shaped  negative  pole  fixed,  instead  of  movable.  On  exhaus- 
tion, the  convergence  of  the  lines  of  force  to  a  focus  at  the  concave  side 
was  well  observed.  When  the  dark  space  is  very  much  larger  than 
the  cup,  it  forma  an  irregular  ellipsoid  drawn  in  towards  the  focal 
point.  Inside  the  luminous  boundary  a  focus  of  dark  violet  light  can 
be  seen  converging,  and,  as  the  rays  diverge  on  the  other  side  of  the 
focus,  spreading  beyond  the  margin  of  the  dark  space ;  the  whole 
appearance  being  strikingly  similar  to  the  rays  of  the  sun  reflected 
from  a  concave  mirror  through  a  foggy  atmosphere. 

Oreen  Phosphorescent  Light  of  Molecular  Impact, 

At  very  high  exhaustions  the  dark  space  becomes  so  large  that  it 
fills  the  tube.  Careful  scrutiny  still  shows  the  presence  of  the  dark 
violet  focus  ;  and  the  part  of  the  glass  on  which  fall  the  rays  diverging 
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from  this  focus  shows  a  sharply-defined  spot  of  greenish-yellow  light. 
On  still  farther  exhaustion,  and  especially  if  the  cup  is  made  positive, 
the  bulb  becomes  beautifully  illuminated  with  greenish-yellow  phos- 
phoreecent  light. 

This  greenish-yellow  phosphorescence,  characteristic  of  high  ex- 
haustions, is  frequently  spoken  of  in  the  paper.  It  must  be  remem- 
bered, however,  that  the  particular  colour  is  due  to  the  special  kind  of 
soft  (German  glass  used.  Other  kinds  of  glass  phosphoresce  in  a  dif- 
ferent colour.  The  phosphorescence  takes  place  only  under  the  in- 
fluence  of  the  rays  from  the  negative  pole.  At  an  exhaustion  of  4  M*, 
no  light  other  than  this  is  seen  in  the  apparatus.  At  '9  M  the  phosphor- 
escence is  about  at  its  maximum.  When  the  exhaustion  reaches  '15  M 
the  spark  has  a  difficulty  in  passing,  and  the  green  light  appears  occa- 
sionaUy  in  flashes  only.  At  *06  M  the  vacuum  is  almost  non-con- 
ductive, and  a  spark  can  be  forced  through  only  by  increasing  the 
intensity  of  the  coil,  and  well  insulating  the  tube  and  wires  leading 
to  it.     Beyond  that  exhaustion  nothing  has  been  observed. 

Focus  of  Molecular  Energy, 

In  an  apparatus  specially  constructed  for  observing  the  position  of 
the  focus,  the  author  found  that  the  focal  point  of  the  green  phos- 
phorescent light  was  at  the  centre  of  curvature,  showing  that  the  mole- 
cules by  which  it  is  produced  are  projected  in  a  direction  normal  to  the 
surface  of  the  pole.  Before  reaching  the  best  exhaustion  for  the  green 
light,  another  focus  of  blue- violet  light  is  observed  ;  this  varies  in  posi- 
tion, getting  further  from  the  pole  as  the  exhaustion  increases.  In  the 
apparatus  described,  at  an  exhaustion  of  19*8  M,  these  two  foci  are  seen 
simultaneously,  the  green  being  at  the  centre  of  curvature,  while  the 
blue  focus  is  at  nearly  twice  the  distance. 

Nature  of  tl^  Cheen  Phosphorescent  Light. 

The  author  adduces  the  following  characteristics  of  the  green 
phosphorescent  light,  as  distinguishing  it  from  the  ordinary  light 
observed  in  vacuum-tubes  at  lower  exhaustions : — 

a.  The  green  focus  cannot  be  seen  in  the  space  of  the  tube,  but 
where  the  projected  beam  strikes  the  glass  only. 

b.  The  position  of  the  positive  pole  in  the  tube  makes  scarcely  any 
difference  to  the  direction  and  intensity  of  the  lines  of  force  which 
produce  the  green  light.  The  positive  pole  may  be  placed  in  the  tube 
either  at  the  extremity  opposite  the  negative  pole,  or  below  it,  or  by 
its  side. 

e.  The  spectrum  of  the  green  light  is  a  continuous  one,  most  of  the 
red  and  the  higher  blue  rays  being  absent ;  while  the  spectrum  of  the 
light  observed  in  the  tube  at  lower  exhaustions  is  characteristic  of  the 

*  M  signifies  the  millionth  of  an  atmosphere. 
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residual  gas.  No  difEcrcnce  can  be  detected  by  spectram  examination 
in  the  green  light,  whether  the  residual  gas  be  nitrogen,  hydrogen,  or 
carbonic  acid. 

d.  The  green  phosphorescence  commences  at  a  different  exhaastion 
in  different  gases. 

e.  The  viscosity  of  a  gas  is  almost  as  persistent  a  characteristic 
of  its  individuality  as  its  spectrum.  The  author  refers  to  a 
preliminary  note  and  a  diagram*  of  the  variation  of  viscosity  of 
air,  hydrogen,  and  other  gases  at  exhaustions  between  240  M  and 
*1  M.  From  these  and  other  unpublished  results,  the  author  finds 
that  the  viscosity  of  a  gas  undergoes  very  little  diminution  between 
atmospheric  pressure  and  an  exhaustion  at  which  the  green  phos- 
phorescence can  be  detected.  When,  however,  the  spectral  and  other 
characteristics  of  the  gas  begin  to  disappear,  the  viscosity  also  com- 
mences to  decline,  and  at  an  exhaustion  at  which  the  green  phos- 
phorescence is  most  brilliant,  the  viscosity  has  rapidly  sunk  to  an 
insignificant  amount. 

/.  The  rays  exciting  green  phosphorescence  will  not  turn  a  comer  in 
the  slightest  degree,  but  radiate  from  the  negative  pole  in  straight 
lines,  casting  strong  and  sharply  defined  shadows  from  objects  which 
happen  to  be  in  their  path.  On  the  other  hand,  the  ordinary  lumi- 
nescence of  vacuum  tubes  will  travel  hither  and  thither  along  any 
number  of  curves  and  angles. 

Projection  of  Molecular  Shadows. 

The  author  next  examines  the  phenomena  of  shadows  cast  by  the 
green  light.  The  best  and  sharpest  shadows  are  cast  by  fiat  disks  and 
not  by  narrow  pointed  polos ;  no  green  light  whatever  is  seen  in  the 
shadow  itself,  no  matter  how  thin,  or  whatever  may  be  the  substance 
from  which  it  is  thrown. 

From  these  and  other  experiments,  fully  described  in  the  paper,  he 
ventures  to  advance  the  theory  that  the  induction  spark  actually 
illuminates  the  lines  of  molecular  pressure  caused  by  the  electrical 
excitement  of  the  negative  pole.  The  thickness  of  the  dark  space 
is  the  measure  of  the  length  of  the  path  between  successive  col- 
lisions of  the  molecules.  The  extra  velocity  with  which  the  mole- 
cules rebound  from  the  excited  negative  pole  keep  back  the  more 
slowly  moving  molecules  which  are  advancing  towards  that  pole.  The 
conflict  occurs  at  the  boundary  of  the  dark  space,  where  the  luminous 
margin  bears  witness  to  the  energy  of  the  discharge. 

When  the  exhaustion  is  sufficiently  high  for  the  length  of  path 
between  successive  collisions  to  be  greater  than  the  distance  between 
the  fly  and  the  glass,  the  swiftly  moving  rebounding  molecules  spend 
their  energy,  in  part  or  in  whole,  on  the  sides  of  the  vessel,  and  the 

•  "  Ppoc.  Foy.  8oo.,'*  Not.  16, 1876,  toI.  xxv,  p.  305. 
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production  of  light  accompanies  this  sadden  arrest  of  velocity.  The 
light  proceeds  from  the  glass,  and  is  apparently  caused  by  fluores- 
cence or  phosphorescence  on  its  surface.  No  light  is  produced  by  a  mica 
or  quartz  screen,  and  the  more  fluorescent  the  material  the  better  the 
luminosity.  Here  the  consideration  arises  that  the  greenish-yellow 
light  is  an  effect  of  the  arrest  of  the  negatively  electrified  molecules 
by  the  sur&ce  of  the  glass ;  but  whether  they  actually  strike  the 
glass,  or  whether  at  the  boundary  surface  separating  solid  from  gaseous 
matter,  there  are  intermediary  layers  of  condensed  gas  which,  taking 
up  the  blow,  pass  it  on  to  the  layer  beneath,  are  problems  the  solution 
of  which  must  be  left  to  further  research.  The  shadows  are  not 
optical,  but  are  molecular  shadows,  revealed  only  by  an  ordinary 
illuminating  effect;  this  is  proved  by  the  sharpness  of  the  shadow 
when  projected  from  a  wide  pole. 

Phosphorescence  of  Thin  Films, 

An  experiment  is  next  described  in  which  a  film  of  uranium  glass, 
sufficiently  thin  to  show  colours  of  thin  plates,  is  placed  in  front  of  a 
thick  plate  of  the  same  glass  ;  the  whole  being  enclosed  in  a  tube  with 
terminals,  and  exhausted  to  a  few  millionths  of  an  atmosphere.  Of 
this  the  following  observations  are  recorded  : — 

a.  The  uranium  film,  being  next  to  the  negative  pole,  casts  a  strong 
shadow  on  the  plate. 

b.  On  making  contact  with  the  coil,  the  thin  film  flashes  out  sud- 
denly all  over  its  surface  with  a  yellowish  phosphorescence,  which, 
however,  instantly  disappears.  The  uncovered  part  of  the  plate  does 
not  become  phosphorescent  quite  suddenly,  but  the  phosphorescence  is 
permanent  as  long  as  the  coil  is  kept  at  work. 

c.  With  an  exceedingly  faint  spark  the  film  remains  more  luminous 
than  the  plate,  but  on  intensifying  the  spark,  the  luminosity  of  the 
film  sinks  and  that  of  the  uncovered  part  of  the  plate  increases. 

d.  If  a  single  intense  spark  be  suddenly  sent  through  the  tube,  the 
film  becomes  very  luminous,  while  the  plate  remains  dark. 

These  experiments  are  conclusive  against  the  phosphorescence  being 
an  effect  of  the  radiation  of  phosphorogenic  ultra-violet  light  from  a 
thin  layer  of  arrested  molecules  at  the  surface  of  the  glass,  for  were 
this  the  case,  the  film  could  under  no  circumstances  be  superior  to  the 
plate. 

The  momentary  phosphorescence  and  rapid  fading  of  the  film 
prove  more  than  this.  The  molecular  bombardment  is  too  much 
for  the  thin  film.  It  responds  thereto  at  first,  but  immediately  gets 
heated  by  the  impacts,  and  then  ceases  to  be  luminous.  The  plate, 
however,  being  thick,  bears  the  hammering  without  growing  hot 
enough  to  lose  its  power  of  phosphorescing. 
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Mechanical  Acfian  of  Projected  Molecides, 

When  the  coil  was  first  tamed  on,  the  thin  film  was  driven  back  at 
the  moment  of  becoming  phosphorescent,  showing  that  an  actual 
material  blow  had  been  given  by  the  molecules.  Experiments  are 
next  described  in  which  this  mechanical  action  is  rendered  more 
evident.  A  small  rotating  fly,  capable  of  being  moved  about  in  any 
part  of  an  exhausted  bulb,  is  used  as  an  ndicator,  and  by  appropriate 
means  the  molecular  shadow  of  an  aluminium  plate  is  projected  along 
the  bulb.  Wliether  entirely  in,  or  entirely  out  of  the  shadow,  the 
indicator  scarcely  moves,  but  when  immersed  so  that  one-half  is  ex- 
posed to  molecular  impact  the  fly  rotates  with  extreme  velocity. 

Magnetic  Deflection  of  Lines  of  Molectilar  Force, 

With  this  apparatus  another  phenomenon  was  investigated.  It  is 
found  that  the  stream  of  molecules,  whose  impact  on  the  glass  is 
accompanied  by  evolution  of  light,  is  very  sensitive  to  magnetic  in- 
fluence, and  by  bringing  one  polo  of  an  electro-magnet — or  even  of 
a  small  permanent  magnet — near,  the  shadow  can  be  twisted  to  the 
right  or  to  the  left. 

When  the  little  indicator  was  placed  entirely  within  the  molecular 
shadow,  no  movement  was  produced.  As  soon,  however,  as  an  adjacent 
electro-magnet  was  excited,  the  shadow  was  deflected  half  off  the  indi- 
cator, which  immediately  rotated  with  great  speed. 

The  Trajedart/  of  Molecules, 

The  amount  of  deflection  of  the  stream  of  molecules  forming  a 
shadow  is  in  proportion  to  the  magnetic  power  employed. 

The  trajectory  of  the  molecules  forming  the  shadow  is  curved  when 
under  magnetic  influence ;  the  action  of  the  magnet  is  to  twist  the 
trajectory  of  the  molecules  round  in  a  direction  at  an  angle  to  their 
free  path,  and  to  a  greater  extent,  as  they  are  nearer  the  magnet: 
the  direction  of  twist  being  that  of  the  electric  current- passing  round 
the  electro-magnet. 

Laws  of  Magnetic  Deflection, 

An  apparatus  was  constructed  so  that  the  deflection  of  a  spot  of  light 
was  observed  instead  of  that  of  a  shadow  ;  a  horseshoe  magnet  being 
placed  underneath  the  negative  pole  to  deflect  the  trajectory.  The 
action  of  the  north  pole  being  to  give  the  ray  of  molecules  a  spiral 
twist  one  way,  and  that  of  the  south  pole  being  to  twist  it  the  other 
way,  the  two  poles  side  by  side  compel  the  ray  to  move  in  a  straight 
line  up  or  down,  along  a  plane  at  right  angles  to  the  plane  of  the 
magnet  and  a  line  joining  its  poles. 

The  ray  of  molecules  does  not  appear  to  obey  Ampere's  law,as  it  wonld 
were  it  a  perfectly  flexible  conductor,  joining  the  negative  and  the  po«i« 
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tive  pole.  The  molecales  are  projected  from  the  negative,  but  the  posi- 
tion of  the  positive  pole — whether  in  front,  at  the  side,  or  oven  behind 
the  negative  pole — has  no  influence  on  their  subsequent  behaviour, 
either  in  producing  phosphorescence,  or  mechanical  effects,  or  in  their 
magnetic  deflection.  The  magnet  gives  their  line  of  path  a  spiral 
twist,  greater  or  less  according  to  its  power,  but  diminishing  as  the 
molecules  get  farther  off. 

Numerous  experiments  were  tried  in  this  apparatus  with  diflerent 
gaaee,  and  with  the  magnet  in  and  out  of  position. 

Working  with  exhausted  air  it  was  found  that  the  spot  of 
green  phosphorescence  on  the  screen  is  visible  at  an  exhaustion  of 
102*6  M,  when  the  free  path  of  the  molecules,  measured  by  the 
thickness  of  the  dark  space  round  the  negative  pole,  is  only 
12  millims.  Hence,  it  follows,  that  a  number  of  molecules  sufficient 
to  excite  green  phosphorescence  ou  the  screen  are  projected  the  whole 
distance  from  the  pole  to  the  screen,  or  102  millims.,  without  being 
stopped  by  collisions. 

Alteration  of  MoUctdar  Velocity, 

If  we  suppose  the  horseshoe  magnet  to  be  permanently  in  position, 
and  thus  to  exert  a  uniform  downward  pressure  on  the  molecales, 
we  perceive  that  their  trajectory  is  much  curved  at  low  exhaustions, 
and  gets  flatter  as  the  exhaustion  increases.  A  flatter  trajectory  corre- 
sponds to  a  higher  velocity.  This  may  arise  from  one  of  two  condi- 
tions ;  either  the  initial  impulse  given  by  the  negative  polo  is  stronger, 
or  the  molecules  experience  less  resistance.  The  latter  is  probably  the 
true  one.  The  molecules  which  produce  the  green  phosphorescence 
must  be  looked  upon  as  in  a  state  difiering  from  those  arrested  by 
frequent  collisions.  Any  action  which  impedes  the  velocity  of  the 
free  molecules  allows  longer  time  for  the  magnetism  to  act  on 
them;  and,  although  the  deflecting  force  of  magnetism  might  be 
expected  to  decrease  with  the  velocity  of  the  molecules,  Professor 
Stokes  has  pointed  out  that  it  would  have  to  decrease  as  the  square 
of  the  velocity,  in  order  that  the  deflection  should  be  no  greater  at 
low  than  at  high  velocities. 

Comparing  the  free  molecules  to  cannon  balls,  the  magnetic  deflection 
to  the  earth's  gravitation,  and  the  electrical  excitation  of  the  negative 
pole  to  the  explosion  of  the  powder  in  the  gun,  the  trajectory  will  be 
flat  when  no  gravitation  acts,  and  curved  when  under  the  influence  of 
gravitation.  It  is  also  much  curved  when  the  ball  passes  through 
a  dense  resisting  medium ;  it  is  less  curved  when  the  resisting  medium 
gets  rarer ;  and,  as  already  shown,  intensifying  the  indaction  spark, 
equivalent  to  increasing  the  charge  of  powder,  gives  greater  initial 
velocity,  and  therefore  flattens  the  trajectory.  The  parallelism  is 
still  closer  if  \?e  compare  the  evolution  of  light  seen  when  the  shot 
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strikes   the  target,    with  the  phosphorescence  on   the   glass   screen 
accompanying  molecular  impacts. 

Focus  of  Heat  of  Molecular  Impact. 

The  author  finally  describes  an  apparatus  in  which  he  shows  that 
j2p:'eat  heat  is  evolved  when  the  concentrated  focus  of  rays  from  a 
nearly  hemispherical  aluminium  cup  is  deflected  sideways  by  a 
magnet  to  the  walls  of  the  glass  tube.  By  using  a  somewhat  larger 
hemisphere  and  allowing  the  negative  focus  to  fall  on  a  strip  of 
platinum  foil,  the  heat  rises  to  the  melting  point  of  platinum. 

-4n  TJUra-gaseous  State  of  Matter, 

The  paper  concludes  with  some  theoretical  speculations  on  the  state 
in  which  the  matter  exists  in  these  highly  exhausted  vessels.  The 
modem  idea  of  the  gascons  state  is  based  upon  the  supposition  that  a 
given  space  contains  millions  of  millions  of  molecules  in  rapid  move* 
ment  in  all  directions,  each  having  millions  of  encounters  in  a  second. 
In  such  a  case,  the  length  of  the  mean  free  path  o^  the  molecules  is  ex« 
ceedingly  small  as  compared  with  the  dimensions  of  the  vessel,  and 
the  properties  which  constitute  the  ordinary  gaseous  state  of  matter, 
which  depend  upon  constant  collisions,  are  observed.  But  by  great 
rarefaction  the  free  path  is  made  so  long  that  the  hits  in  a  given, 
time  may  be  disregarded  in  comparison  to  the  misses,  in  which 
case  the  average  molecule  is  allowed  to  obey  its  own  motions  or  laws 
without  interference ;  and  if  the  mean  free  path  is  comparable  to  the 
dimensions  of  the  vessel,  the  properties  which  constitute  gaseity  are 
reduced  to  a  minimum,  and  the  matter  becomes  exalted  to  an  tdtnir 
gaseous  state,  in  which  the  very  decided  but  hitherto  masked  pro- 
perties now  under  investigation  come  into  play. 

Rays  of  Molecular  Light, 

In  speaking  of  a  ray  of  molecular  light,  the  author  has  been  guided 
more  by  a  desire  for  conciseness  of  expression  than  by  a  wish  to  advance 
a  novel  theory.  Bat  he  believes  that  the  comparison,  under  those 
special  circumstances,  is  strictly  correct,  and  that  he  is  as  well  entitled 
to  speak  of  a  ray  of  molecular  or  emissive  light  when  its  presence  is 
detected  only  by  the  light  evolved  when  it  falls  on  a  suitable  screen, 
as  he  is  to  speak  of  a  sunbeam  in  a  darkened  room  as  a  ray  of  vibratory 
or  ordinary  light  when  its  presence  is  to  be  seen  only  by  interposing 
an  opaque  body  in  its  path.  In  each  case  the  invisible  line  of  force 
is  spoken  of  as  a  ray  of  light,  and  if  custom  has  sanctioned  this  as 
applied  to  the  undulatory  theory,  it  cannot  be  wrong  to  apply  the 
expression  to  emissive  light.  The  term  emissive  light  must,  however, 
be  restricted  to  the  rays  between  the  negative  pole  and  the  Inminoua 
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screen :  the  light  bj  which  the  eje  then  sees  the  screen  is,  of  course, 
nndolatorj. 

The  phenomena  in  these  exhausted  tubes  reveal  to  physical  science 
a  new  worlds — a  world  where  matter  exists  in  a  fourth  state,  where 
the  corpuscular  theory  of  light  holds  good,  and  where  light  does  not 
always  move  in  a  straight  line ;  but  where  we  can  never  enter,  and 
in  which  we  must  be  content  to  observe  and  experiment  from  the 
outside. 


II.  '*  On  a  Machine  for  the  Solution  of  Simultaneous  Linear 
Equations."  By  Sir  William  Thomson,  LL.D.,  F.R.S., 
President  of  the  Royal  Society,  Edinburgh.  Received 
August  30,  1878. 

Let  Bi,  B2,  .  .  .  Bm  be  n  bodies  each  supported  on  a  fixed  axis  (in 
practice  each  is  to  be  supported  on  knife-edges  like  the  beam  of  a 
balance). 

Let  Pii,  Pji,  P31,  .  .  .  Pm,  «  pulleys  each  pivoted  on  Bi ; 

^ity  ^isn  ■t32>    •    •    •    -tua  »  »  -l^ai 

•Pi3»  Pjjj  P33>   •   •   •  Pus  ))  »>  B3 ; 


Ci,  C2,  C3,  .  .  .  C»,  n  cords  passing  over  the  pulleys ; 
Di,  Pii,  P12,  Pis,  .  .  .  Pu,  Ei,  the  course  of  Ci ; 

I'l,   1^2l>    t  22»   1^23,     •     •     •    X  2ilj   -l^aj  »>  ^2  > 

Di,  El,  D2,  E:4,  .  .  .  D„,  En,  fixed  points  ; 

^1,  t,  ?»,  •  •  •  ?«  the  lengths  of  the  cords  between  Di,  Ei,  and  Dj,  E2, 
.  .  .  and  D»,  E«,  along  the  courses  stated  above,  when  Bi,  B^,  .  .  .  B„, 
are  in  particular  ^sitions  which  will  be  called  their  zero  positions  ; 

ii+Ci,  ^+^2,  .  .  .  Zn  +  en,  their  lengths  between  the  same  fixed 
points,  when  Bi,  B2,  .  .  .  B^  are  turned  through  angles  Xi,  x^^  ,  ,  ,  Xn 
from  their  zero  positions ; 

ai),  (12),  (13),  .  .  .  (In), 
(21),  (22),  (23),  .  .  .  (2«). 
(31),  (32),  (33),  .  .  .  (3«), 


quantities  such  that 

(ll)aji  +  (12)a?2+  .  .  .  +(ln>»=ei 

(21)a;i  +  (22)aj2+  .  .  .  +(2n)a^=e2 

(31)aJi  +  (32)a;3+  .  .  .  +(3n)aj«=e3)    ...     (I) 


(nl)«i  +  (n2)a;5,+   .  .  .   +(3n)ajn=6'« 
We  shall  suppose  Xi,  «„  ...  a;*  to  be  each  so  small  that  (11),  (12), 
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.  .  .  (21),  &c.,  do  not  vary  sensibly  from  the  values  wliich  they  have 
where  X\y  x^,  ,  .  ,  Xn,  are  each  infinitely  small.  In  practice  it  will  he 
convenient  to  so  place  the  axes  of  Bi,  B3,  .  .  .  Bh,  and  the  mountiiigs 
of  the  pulleys  on  Bi,  B2,  .  .  .  Bm,  and  the  fixed  points  Di,  Ei,  Dj,  dsc., 
that  when  a;i,  a^,  .  .  .  Xh  are  infinitely  small,  the  straight  parts  of  each 
cord  and  the  lines  of  infinitesimal  motion  of  the  centres  of  the  pulleys 
round  which  it  passes  are  all  parallel.  Then  |(H)>  a(21)i  •  •  •  K*) 
will  be  simply  equal  to  the  distances  of  the  centres  of  the  pnlleys 
Pi  I,  P21,  .  .  .  P«,  from  the  axis  of  Bi ; 

Kl'2),  i(22)  .  .  .  J(/i2)  the  distances  of  Pj,,  P«,  .  .  .  P-t  from 
the  axis  of  B;,  and  so  on. 

In  practice  the  mountiiig  of  the  pulleys  are  to  be  adjustable  by 
proper  geometrical  slides,  to  allow  any  prescribed  positive  or  negative 
value  to  be  given  to  each  of  the  quantities  (11),  (12),  .  .  .  (21),  dsc. 

Suppose  this  to  be  done,  and  each  of  the  bodies  Bi,  Ba,  .  .  .  B»  to 
be  placed  in  its  zero  position  and  held  there.  Attach  now  the  oords 
firmly  to  the  fixed  points  Di,  D.2,  .  .  .  Dn  respectively ;  and  passing 
them  round  their  proper  pulleys,  bring  them  to  the  other  fixed  points 
El,  £3,  .  .  .  En,  and  pass  them  through  infinitely  small  smooth  rings 
fixed  at  these  points.  Now  hold  the  bodies  Bi,  Bo,  .  .  .  each  fixed, 
and  (in  practice  by  weights  hung  on  their  ends,  outside  Ei,  Ef,  .  .  . 
En)  pull  the  cords  through  Ei,  Ej,  .  .  .  En  with  any  given  tensions* 
Ti,  T2,  .  .  .  Tn.  Let  G],  Gj*  .  .  .  G-n  be  moments  round  the  fixed 
axes  of  Bi,  B,,  .  .  .  Bn  of  the  forces  required  to  hold  the  bodies  fixed 
when  acted  on  by  the  cords  thus  stretched.  The  principle  of  "  yirtnal 
velocities,'*  just  as  it  came  from  Lagrange  (or  the  principle  of  "  work"), 
gives  immediately,  in  virtue  of  (I), 

Gi=(ll)Ti  +  (21)T2-f   .  .  .   +(nl)T. 

G.=  (12)Ti  +  (22)T3+  .  .  .  -f(.t2)Tn^^     ^    ^    ^     ^j^^ 


Gn=(ln)Ti  +  (2ii)Ta+  .  .  .   -f  (wn)T, 

Apply  and  keep  applied  to  each  of  the  bodies,  Bi,  Bj  .  .  .  B»  (in 
practice  by  the  weights  of  the  pulleys,  and  by  counter-pulling  springs), 
such  forces  as  shall  have  for  their  moments  the  values  Gi,  Gj  .  .  .  G», 
calculated  from  equations  (II)  with  whatever  values  seem  desirable  for 
the  tensions  Ti,  Ta  .  .  .  T„.  (In  practice,  the  straight  parts  of  the 
cords  are  to  be  approximately  vortical,  and  the  bodies  Bi,  Ba,  are  to 
be  each  balanced  on  its  axis  when  the  pulleys  belonging  to  it  are 

*  The  idea  of  force  hero  first  introduced  is  not  essential,  indeed  is  not  technically 
admissible  to  the  purely  kinematic  and  algebraic  part  of  the  subject  proposed.  But 
it  is  not  merely  an  ideal  kincmutio  construction  of  the  algebraic  problem  that  ii  in* 
Mended  ;  and  the  design  of  a  kinematic  machine,  for  success  in  practice,  essentiAlly 
inyolves  dynamical  considerations.  In  the  present  case  some  of  the  most  important 
of  the  purely  algebraic  questions  concerned  are  very  interestingly  illuatrated  by 
these  dynamical  considerations. 
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removed,  and  it  is  advisable  to  make  the  tensions  each  eqnal  to  half 
the  weight  of  one  of  the  pulleys  with  its  adjustable  frame.)  The 
machine  is  now  ready  for  use.  To  use  it,  pull  the  cords  simultaneously 
or  snocessivoly  till  lengths  equal  to  ei,  62,  .  .  ,  Cn  are  passed  through 
the  rings  Ei,  E,,  .  .  .  Em,  respectively. 

The  puUs  required  to  do  this  may  be  positive  or  negative;  in 
practice,  they  will  be  infinitesimal,  downward  or  upward  pressures 
applied  by  hand  to  the  stretching  weights  which  (§)  remain  perma- 
nently hanging  on  the  cords. 

Obserye  the  angles  through  which  the  bodies  Bi,  B2,  .  .  .  B»  are 
turned  by  this  given  movement  of  the  cords.  These  angles  are  the 
reqnired  values  of  the  unknown  21,  iVs,  .  .  .  Xn,  satisfying  the  simul- 
taneous equations  (I) . 

The  actual  construction  of  a  practically  useful  machine  for  calculat- 
ing as  many  as  eight  or  ten  or  more  of  unknowns  from  the  same 
number  of  linear  equations  does  not  promise  to  be  either  difficult  or 
over-elaborate.  A  fair  approximation  being  found  by  a  first  applica- 
tion of  the  machine,  a  very  moderate  amount  of  straightforward 
arithmetical  work  (aided  very  advantageously  by  Crelle's  multiplica- 
tion tables)  saffices  to  calculate  the  residual  errors,  and  allow  the 
machines  (with  the  setting  of  the  pulleys  unchanged)  to  be  re-applied 
to  calculate  the  corrections  (which  may  be  treated  decimally,  for  con- 
venience) :  thus,  100  times  the  amount  of  the  correction  on  each  of 
the  original  unknowns,  to  be  made  the  new  unknowns,  if  the  magni- 
tudes thus  falling  to  be  dealt  with  are  convenient  for  the  machine. 
There  is,  of  course,  no  limit  to  the  accuracy  thus  obtainable  by  suc- 
cessive approximations.  The  exceeding  easiness  of  each  application  of 
the  machine  promises  well  for  its  real  usefulness,  whether  for  cases  in 
which  a  single  application  suffices,  or  for  others  in  which  the  requisite 
accuracy  is  reached  after  two,  three,  or  more  of  successive  approxima- 
tions. 


December  12,  1878. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

Dr.  Philipp  Hermann  Sprengel  was  admitted  into  the  Society. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 
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I.  "  On  the  Flow  of  Water  in  Uniform  Regime  in  Rivers  and 
other  Open  Channels."  By  James  Thomson,  LL.D.,  D,Sc^ 
F.R.S.,  and  F.R.S.E.,  Professor  of  Civil  Engineering  and 
Mechanics  in  the  University  of  Glasgow.  Received  Au- 
gust 15,  1878. 

In  respect  to  the  mode  of  flow  of  water  in  rivers,  a  Bttpposition 
which  has  heen  very  perplexing  in  attempts  to  form  a  rational  theory 
for  its  explanation,  has  during  many  years  past,  during  at  least  a  great 
part  of  the  present  century,  heen  put  forward  as  a  result  from  experi- 
mental observations  on  the  flow  of  water  in  various  rivers,  and  in 
artificially  constructed  channels.  It  was,  I  presume,  put  forward  in 
the  earlier  times  only  as  a  vague  and  doubtful  supposition ;  but,  in 
later  times  it  has,  in  virtue  of  more  numerous  and  more  elaborately 
conducted  experimental  observations,  advanced  to  the  rank  of  a  con- 
firmed supposition,  or  even  of  an  experimentally  established  fact. 
This  experimentally  derived  and  gradually  growing  supposition  was 
perplexing,  because  it  was  in  conflict  with  a  very  generally  adopted 
theory  of  the  flow  of  water  in  rivers  which  appeared  to  be  well 
founded  and  well  reasoned  out. 

That  commonly  received  theory,  which  for  brevity  we  may  call  the 
laminar  theory,  was  one  in  which  the  frictional  resistance  applied  by 
the  bottom  or  bed  of  the  river  against  the  forward  motion  of  the 
water  was  recognized  as  the  main  or  the  only  important  drag  hinder- 
ing the  water,  in  its  downhill  course  under  the  influence  of  gravity, 
from  advancing  with  a  continually  increasing  velocity ;  and  in  which 
it  was  assumed  that  if  the  entire  current  is  imagined  as  divided  into 
numerous  layers  approximately  horizontal  across  the  stream,  or  else 
trough-shaped  so  as  to  have  a  general  conformity  with  the  bed  of  the 
river,  each  of  these  layers  should  be  imagined  as  flowing  forward 
quicker  than  the  one  next  below  it,  with  such  a  diflcrential  motion  as 
would  generate  through  fluid  friction  or  viscosity,  or  perhaps  jointly 
with  that,  also  through  some  slight  commingling  of  the  waters  of  con- 
tiguous layers,  the  tangential  drag  which  would  just  suffice  to  prevent 
further  acceleration  of  any  layer  relatively  to  the  one  next  below  it. 
Under  this  prevailing  view  it  came  to  bo  supposed  that  for  points  at 
various  depths  along  any  vertical  line  imagined  as  extending  from  the 
surface  of  a  river  to  the  bottom,  the  velocity  of  the  water  passing  that 
line  would  diminish  for  every  portion  of  the  descent  from  the  surface 
to  the  bottom. 

The  experimentally  derived  and  perplexing  supposition  for  which  no 
tenable  theory  appears  to  have  been  proposed,  though  the  want  of 
such  a  theory  has  been  extensively  felt  as  leaving  the  science  of  the 
flow  of  water  in  rivers  in  a  state  of  general  bewilderment,  is,  that 
inconsistently  with  the  imagination  of  the  water's  motion  conceived 
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under  the  laminar  theory,  the  forward  velocity  of  the  water  vii  rivers  w, 
in  actual  fact^  sometimes  or  usually  not  greatest  at  the  surface  with 
gradual  ahatement  from  the  surface  to  the  bottom;  but  that  when  the 
different  forward  velocities  are  compared  which  are  met  with  at  snc- 
ceesive  points  along  a  vertical  line  traversing  the  water  from  the 
snrface  to  the  bottom,  it  may  often  be  found  that  the  velocity  inci'eases 
with  descent  from  the  surface  downwards  through  some  part  of  the 
whole  depth,  until  a  place  of  maximum  velocity  is  reached,  beyond 
which  the  velocity  diminishes  with  further  descent  towards  the  resist- 
ing bottom. 

That  the  superficial  stratum  of  water  flowing  downhill  under  the 
influence  of  the  earth*s  attraction  should  not  have  its  forward  velocity 
continually  accelerated  until,  by  its  moving  quicker  than  the  bed  of 
water  on  which  it  lies,  a  frictional  drag  would  be  communicated  to  it 
from  below,  by  that  supporting  bed  of  water,  sufficient  to  hold  it  back 
against  further  acceleration,  has  appeared  very  paradoxical.  In  various 
cases,  during  a  long  period  of  time,  the  alleged  result  appeared  so 
incredible  that  the  experimental  evidence  was  doubted,  or  was  dis- 
missed as  untrustworthy.  In  some  cases  the  phenomenon  was 
admitted  as  a  fact,  but  was  attributed  to  a  frictional  drag  or  resist- 
ance applied  to  the  surface  of  the  water  by  the  superincumbent  air, 
even  in  case  of  the  air  being  at  rest  with  the  water  flowing  below, 
or  more  strongly  so  when  the  wind  might  be  blowing  contrary  to  the 
motion  of  the  river. 

Omitting  to  touch  on  the  experimental  results,  and  the  opinions  of 
Tanous  investigators  in  the  older  times,  as  1  have  not  had  sufficient 
opportunity  to  scrutinise  them  in  detail,  I  have  to  refer  to  the  investi- 
gations conducted  at  about  the  year  1850  by  Ellet  on  the  Mississippi 
and  Ohio  Rivers.*  He  was  led  to  the  conclusionf  from  his  own  expe- 
riments on  the  Mississippi,  that  the  mean  velocity  of  that  river  (or  at 
least  the  mean  velocity  of  the  great  body  of  its  current,  as  the  part 
near  the  bottom  or  bed  of  the  river  had  not  been  deGnitely  included  in 
his  researches)  instead  of  being  less,  is  in  fact  greater  than  the  mean 
surface  velocity.  He  attributed  this  phenomenon,  which  he  regarded 
as  indubitably  proved,  and  which  if  true  nmst  certainly  be  very 
remarkable,  to  a  frictional  drag  or  resistance,  against  the  forward 
motion,  applied  to  the  surface  of  the  water  by  the  atmosphere  in 
contact  with  the  surface.  Like  suppositions  had  previously  been 
made  by  some  observers  and  theoretical  investigators  in  Europe,  as 
may  be  gathered  from  D*Aubuisson  "  Traits  d'Hydraulique,"  2nd 
edition,  1840,  p.  176,  and  from  other  sources  of  information. 

•  Ellet  on  the  "  Mississippi  and  Ohio  Rivers."  Philadelphia :  1863.  This  is  n 
republished  edition  of  a  Report  to  the  American  War  Department  by  Ellet  on  his 
investigations,  which  were  made  under  authority  of  an  Act  of  Congress. 

t  Pages  37  and  38  of  the  book  referred  to  in  the  preceding  note. 
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Other  experimental  researches  on  the  flow  of  the  Mississippi  River, 
much  more  elaborate  than  those  of  Ellet,  were  made  in  the  period 
between  1850  and  1861  by  Captain  Humphreys  and  Lieutenant  Abbot, 
with  others  acting  under  authority  from  the  American  Govemmenty 
and  an  account  of  them  was  published  as  a  Report  by  Humphreys 
and  Abbot  in  18G1.*  These  experiments  and  the  investigations  exhi- 
bited in  the  report,  where  the  observed  results  are  combined  in  various 
ways  so  a«  to  bring  out  average  results  and  more  or  less  probable  con- 
clusions for  various  circumstances,  load  very  clearly  and  very  con- 
vincingly to  the  conclusion  that  ordinarily  the  maximum  velocity  is 
not  at  the  surface  but  at  some  depth  below  it,  usually  much  nearer  to 
the  surface  than  to  the  bottom,  and  often  at  some  such  depth  from  the 
surface  as  :J  or  ^  of  the  whole  depth  of  the  water.  These  investigators 
(Humphreys  and  Abbot)  show  further  (at  pages  285,  288,  and  289  of 
their  Report)  that  this  phenomenon  is  not  wholly  nor  even  mainly  due 
to  any  frictional  resistance  applied  by  the  superincumbent  atmosphere 
to  the  forward  flow  of  the  surface  of  the  water ;  because  they  found 
that  oven  when  the  wind  is  blowing  in  the  direction  of  the  river 
current,  and  advancing  at  the  same  velocity  as  that  current,  so  that 
the  air  lies  on  the  surface  of  the  water  without  relative  motion,  the 
phenomenon  manifests  itself  almost  in  as  great  a  degree  as  when  the 
air  is  lying  at  rest  relatively  to  the  land ;  and  found  yet  further  that 
the  phenomenon  still  manifests  itself  even  when  the  wind  is  blowing 
in  the  direction  of  the  flow  of  the  river  much  faster  than  the  current, 
so  that  it  blows  the  water  surface  forward  instead  of  applying  a 
resisting  drag  or  backward  force  to  the  surface. 

At  about  the  middle  of  the  present  century  very  important  experi- 
ments on  flowing  water  were  made  in  France  by  Boileau,  and  by 
Darcy  and  Bazin ;  and  elaborate  accounts  of  these  researches  were 
published.f 

The  experiments  comprised  among  the  researches  of  Boileau  and  of 
Darcy  and  Bazin,  to  which  I  have  to  refer  as  bearing  on  the  special 
subject  of  the  present  paper,  relate  to  the  flow  of  water  in  long  channels 
and  conduits  constructed  artificially,  some  in  wood  and  some  in  ma- 
sonry and  other  materials.  The  channels  or  conduits  in  different 
cases  were  of  widths  comprised  between  half  a  metre  and  two  metres. 
In  some  of  tho  more  important  experiments  the  channels  were  oon- 

*  Report  on  the  "  Physics  and  Hydraulics  of  the  Mississippi  Riyer."  By  Capfun 
A.  A.  Humphreys  and  Lieutenant  H.  L.  Abbot.    Philadelphia :  1861. 

t  BoUcau  :  "  Traits  de  la  mesure  des  eaux  courantes."  Paris  :  1854.  Darcy :  *•  Be- 
cherches  expcrimentales  relatives  au  mouvement  de  I'eau  dans  les  tuyaux."  Paris :  1857. 
Darcy  et  Bazin  :  "  Recberches  Hydrauliques."  Paris :  1865.  This  last  book  con- 
stitutes a  memoir  by  Bazin  on  researches  commenced  by  Darcy,  and  continued  for 
some  time  by  him  with  the  aid  of  Bazin ;  and,  after  the  death  of  Darcy  in  1858, 
continued  by  Bazin,  and  by  him  completed  and  worked  out  in  the  discuarion  of  their 
results. 
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stracted  in  wood,  and  were  open  above,  and  bad  a  flat  bottom  and 
vertical  sides,  so  that  the  cnrrent  was  rectangular  in  croRS-section. 
Channels  of  Yarioos  other  forms  were  also  nsed,  and  the  mode  of  flow 
of  the  water  in  them  was  scratinized.  The  results  arrived  at  by  these 
experimenters  tend  very  much  towards  establishing  the  supposition 
which  forms  the  subject  of  the  present  paper — the  supposition  namely 
of  the  prevalence  or  frequent  occurrence  of  a  distribution  of  velocities 
having  the  maximum  velocity  not  at  the  surface  but  at  some  moderate 
depth  below.  Boileau,  by  his  experiments,  was  led  to  announce  as 
one  of  his  conclusions  (page  308),  that  in  the  medial  longitudinal  ver- 
tical section  of  a  rectangular  canal  with  uniform  rSgiine,  the  maximum 
of  velocity  is  situated  not  at  the  surface,  but  at  a  depth  which  is  a 
fraction  more  or  less  considerable  of  the  total  depth  of  the  current. 
He  also  announced,  as  a  conclusion,  that  the  decrease  of  velocity,  from 
the  place  of  maximum  velocity  up  to  the  snrface,  must  he  attributed 
to  some  new  cause  different  from  that  which  produces  the  diminution 
of  velocity  from  the  place  of  maximum  down  to  the  bottom.  This 
new  cause,  he  says,  cannot  be  solely  the  resistance  of  the  bed  of  air  in 
contact  with  the  liquid  surface  acting  like  the  face  of  a  pipe  or  con- 
duit ;  and  he  assigns,  in  proof  of  this,  the  reason  that  the  mobility  of 
this  bed  of  air  does  not  permit  of  our  attributing  to  it  a  retarding  in- 
fluence so  great  as  that  which  is  implied  in  the  rapid  abatement  of 
velocities  in  approach  towards  the  surface  in  the  upper  part  of  the 
current.  He  recounts  his  own  special  experiments,  made  in  1845,  on 
the  influence  of  wind  on  the  velocities  in  currents, — a  subject  which 
he  says  had  up  to  that  time  been  very  little  investigated  by  hydrau- 
licians.  He  deduces  from  his  experiments  conclusions  (page  313) 
to  the  effect  that  in  spite  of  varied  disturbances  produced  by  wind 
blowing  over  the  water  with  varied  intensity,  yet  there  is  manifested 
a  very  sensible  tendency  to  a  decrease  of  velocities  of  the  water  for 
approach  towards  the  liquid  surface  ;  and  that  the  maximum  velocity 
is  yet  below  the  surface,  even  when  the  wind  blows  forward  with  the 
current,  and  has  a  velocity  greater  than  that  of  the  current.  Judging, 
then,  that  resistance  of  the  air  cannot  be  the  cause  of  the  phenomenon, 
he  says  that  it  is  then  principally  in  the  mutual  actions  which  bind 
among  one  another  the  liquid  particles,  and  in  the  oblique  and  rotatory 
movements  which  result,  under  the  influence  of  these  forces,  from  the 
difference  of  velocities  of  neighbouring  particles,  that  it  is  necessary 
to  seek  for  the  explanation  of  the  phenomena  of  the  decrease  of  velo- 
cities in  the  approach  towards  the  surface  of  currents.  He  goes  on  to 
say  that  we  have  to  conceive,  in  fine,  that  these  oblique  movements, 
producing  transverse  living  forces  Q^ forces  vives^')^  diminish  according 
to  certain  general  laws,  the  living  forces  of  forward  motion  which  the 
hydrometric  instruments  are  adapted  to  indicate. 

I  have  cited  this  passage  from  Boileau  very  fully,  because  it  seems 
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to  mo  to  contain  the  nearest  approach  towards  an  explanation  of  the 
phenomenon  in  question  of  any  that  have  been  attempted,  so  far  as 
any  snch  attempt>s  have  come  under  my  notice.  It  involves,  I  think, 
at  least  a  glimmering  towards  a  true  explanation ;  but  I  regard  it  as 
being  in  great  part  erroneous,  and  importantly  so  in  principle,  and  as 
being  besides  altogether  incomplete.  I  do  not  think  it  has  been  offered 
by  the  very  able  investigator  himself,  who  has  proposed  it,  as  being  at 
all  sufficient ;  but  I  think  it  has  been  offered  only  as  tending  to  throw 
some  light  over  the  region  for  further  search,  and  some  indication  to- 
wards courses  in  which  speculation  and  research  might  well  advance. 

Bazin's  experiments,  of  the  general  character  already  mentioned, 
were  very  extensive  in  their  scope,  and  were  carried  out  in  great  detail, 
and  with  some  remarkable  refinements  of  method.  The  velocities 
were  measured  mainly  or  wholly  by  a  modification  devised  by  Darcy 
of  the  well  known  instrument  called  Pitot's  tube.  Bazin,  in  the  case 
of  canals  not  very  wide  relatively  to  the  depth  of  the  current,  found 
very  clearly  and  decisively  the  phenomenon  in  question  of  the  maxi- 
mum velocity  being  below  the  surface.  But,  in  the  case  of  rect- 
angular channels  of  more  considerable  width,  channels  having  the 
width  of  the  current  so  much  as  four  or  five  times  the  depth  or  more, 
Bazin  by  his  scrutiny  and  consideration  of  his  experimental  results, 
was  led  to  conclude  that  the  diminution  of  velocity  for  approach 
towards  the  surface  in  the  upper  part  of  the  current  is  to  be  fonnd 
only  in  the  side  parts  of  the  current — the  parts  flowing  along  the  two 
side  walls.  Ho  judged  that  throughout  the  whole  of  the  cnrrcnt-, 
except  two  side  parts,  each  having  some  moderate  width,  which  might 
be  equal  to  about  twice  the  depth  of  the  current,  the  maximum  of  the 
velocities  for  all  points,  situated  in  a  vertical  line,  is  to  be  fonnd  at  the 
surface ;  and  that  the  rate  of  diminution  of  velocity  for  descent  from 
the  surface  would  begin  as  nothing  at  the  surface,  and  would  go  on 
increasing  with  descent  to  the  bottom.  His  experiments,  according  to 
his  own  careful  analysis  and  combination  of  them,  appeared  to  be  in 
agreement  with  this  assumption,  or  to  bring  this  supposition  ont  as  a 
result. 

I  do  not,  however,  regard  this  conclusion  as  being  trustworthy.  His 
experiments  for  the  case  of  great  width  relatively  to  depth  had  not,  in 
any  instance,  a  depth  of  water  exceeding  '38  of  a  metre,  or  IJ-  foot, 
and  thus  the  depths  were  so  small  absolutely  as  not  to  admit  of  a  fine 
enough  discrimination  of  minute  changes  of  velocity  for  minnte 
changes  of  depth  of  the  point  where  the  velocity  was  observed,  nor 
of  measuring  velocities  close  enough  to  the  surface.  So  far  as  experi* 
mental  researches  go,  some  donbt  I  presume  must  still  remain  over 
this  part  of  the  subject.  Indeed,  the  Indian  experiments,  next  to  be 
mentioned,  show  results  in  disagreement  with  this  conclusion  offered 
by  Darcy. 
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Quite  recently,  in  1874-75,  experiments  were  conducted  in  India  on  the 
Ganges  Canal,  close  to  Boorkee,  bj  Captain  Allan  Cunningham,  R.E.* 
These  experiments  bring  out  among  their  results,  very  remarkably, 
the  frequently  alleged  phenomenon  of  the  maximum  velocity  of  the 
water  being  not  at  the  surface,  but  at  some  moderate  depth  below. 
And  farther,  it  is  deserving  of  special  notice  that  those  of  his  experi- 
ments, which  have  chiefly  to  be  referred  to  as  throwing  light  on  this 
subject,  were  made  in  an  aqueduct  about  85  feet  wide,  and  with  an 
approximately  level  bottom ;  and  that  the  depths  of  the  water  in 
different  experiments  ranged  from  about  6  feet  to  about  9j^  feet,  so 
that  the  width  was  on  different  occasions  from  about  nine  times  to 
about  fourteen  times  the  depth,  and  yet  the  maximum  of  the  velocities 
at  mid-channel  (or  the  maximum  velocity  in  the  longitudinal  medial 
yertical  section)  came  out  by  averages  of  numerous  results,  and,  by 
varied  modes  of  experimenting,  to  be  very  decidedly  below  the  sur- 
face. 

Experiments  carried  out  lately  on  a  very  large  scale  on  the  Irawaddy 
river  by  Robert  Gordon,  Executive  Engineer,  British  Burmah,  Public 
Works  Department,  go  to  confirm  the  truth  of  the  same  phenomenon. 
These  experiments  of  Mr.  Gordon,  however,  although  valuable  in  many 
respects,  appear  to  be  subject  to  some  doubt  as  to  whether,  through 
the  mode  of  experimenting,  the  level  of  supposed  maximum  velocity 
has  not  been  brought  out  too  low,  that  is  to  say,  too  near  the  bottom. 
On  this  point  Mr.  Gordon  (in  his  Introductory  Note,  §  vii,  page  ii  of 
date  16th  June,  1875)  intimates  his  intention  to  make  further  experi- 
ments with  other  instruments,  but  still  asserts  his  confidence  in  his 
previous  methods  and  results. 

Until  about  two  years  ago  I  had  not  happened  to  become  acquainted 
with  any  of  the  evidence  for  the  phenomenon  in  question  except  the 
unsatisfying  experimental  results  given  by  Ellet ;  but  about  two  years 
ago  I  met  with  accounts  of  some  of  the  more  recent  and  more  convinc- 
ing experimental  investigations.  It  then  appeared  to  me  that  if  the 
asserted  phenomenon  must  really  be  accepted  as  a  truth,  there  ought 
to  be  some  mode  possible  of  accounting  for  it :  and  a  theory  occurred 
to  me  which  I  now  propose  to  subnet. 

The  mode  of  thought  which  near  the  beginning  of  the  present  paper 
I  have  described  as  constituting  the  laminar  theory,  1  must  premise, 
has  long  appeared  to  me  to  be  an  erroneous  and  a  very  misleading 
view.  It  was  a  very  prevalent  mode  of  thought,  and  was  usually  too 
influential  on  people's  minds  even  when  they  did  entertain  decidedly, 
thongfa  often  not  clearly  enough,  the  consideration  of  eddies  and  trans- 
verse movements  or  commingling  currents  with  different  velocities. 

•  "  HTdnralic  ExperimeDts  at  Roorkeo,  1874-75,"  by  Captain  Allan  Cunning- 
ham, B.£.,  published  in  '*  Professional  Papers  on  Indian  Engineering."  Thomason, 
College  Press,  Boorkee,  1875 :  also  Spon  and  Co.,  London,  &c. 
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The  great  distinction  between  tbe  mode  of  flow  of  a  very  viscid  fluid, 
sach  as  treacle  or  tar,  and  tbe  mode  of  flow  of  water  in  ordinary 
circnmstances  in  pipes  and  in  open  cbannels,  bas  not  been  enovgli 
generally  and  enougb  consistently  attended  to.  Tbe  laminar  theory 
constitutes  a  very  good  representation  of  tbe  viscid  mode  of  motion ; 
bat  it  offers  a  very  fallacious  view  of  the  motion  in  tbe  flow  of  water 
in  ordinary  cases  in  wbicb  tbe  inertia  of  tbe  various  parts  of  tbe  fluid 
is  not  subordinated  to  tbe  restraints  of  viscosity. 

In  tbe  flow  of  water  in  an  open  cbannel  in  ordinary  circumstanoes 
tbe  eartb*s  attraction  is  perpetually  tending  to  accelerate  tbe  forward 
motion  of  tbe  water  tbrougbout  tbe  wbole  body  of  tbe  current  in  con- 
sequence of  tbe  surface  declivity ;  or  we  may  say,  witb  more  complete 
expression,  in  oonsequonce  of  the  fall  of  free^level*  wbicb,  in  virtue  of 
tbe  surface  declivity,  occurs  to  all  particles  in  tbe  current  as  they 
advance  in  tbeir  down-stream  course.  Tbe  tendency  to  increase  of 
velocity,  if  we  neglect  tbe  backward  or  forward  force,  usually  very 
small,  or  it  may  be  notbing,  applied  by  tbe  air  to  tbe  water  surface,  we 
may  say  is  counteracted  solely  by  a  backward  resisting  force-system 
applied  by  tbe  wetted  face  of  tbe  cbannel  to  tbe  water  momentarily  in 
contact  witb  it.  The  wetted  cbannel  face,  it  must  be  observed,  is 
ordinarily  more  or  loss  rougb  witb  gravel,  mud,  weeds,  or  other 
asperities.  It  is  not  a  true  view  to  imagine  a  smooth  cbannel  face 
washed  by  a  thin  lamina  of  water,  which  imagined  lamina  of  water 
receives  a  backward  or  resisting  force-system  applied  tangentially  by 
tbe  so  imagined  cbannel  face,  and  transmits  tangential  backward  force 
to  another  lamina  of  water  lying  next  to  itself  on  tbe  side  remote 
from  the  channel  face.  It  is  not  the  case  that  from  any  layer  of  water 
whatever,  thick  or  thin,  spread  over  the  cbannel  face,  resisting  forces 
are  transmitted  to  the  interior  of  the  body  of  tbe  current  in  any  great 
degree  by  mere  viscid  resistance  to  change  of  form  in  the  intervening 
flnid,  as  would  be  the  case  if  it  were  like  treacle  or  tar.  But,  very 
differently,  indefinite  increase  of  velocity  of  the  water  situated  in  the 
interior  of  the  current  is  prevented  by  continual  transverse  flows 
thereto,  and  commingling  therewith,  of  portions  of  water  already 
retarded  through  their  having  been  lately  in  close  proximity  to  tbe 
resisting  channel  face;  and,  jointly  with  that,  by  tbe  condition  that 
portions  of  the  fluid  which  have  been  flowing  forward  temporarily  in 

*  Tho  free-Uvel  for  anj  particle  of  water,  in  a  mass  of  statical  or  of  flowing 
water,  is  the  level  of  tho  atmospheric  end  of  a  colunui,  or  of  anj  bar  of  staticml 
water,  straight  or  cun'ed,  liaving  one  end  situated  at  the  level  of  the  particle,  snd 
having  at  that  end  the  same  pressure  as  the  ]mrticle  has,  and  having  the  other  ond 
consisting  of  a  level  surface  of  water  freely  exposed  to  the  atmosphere,  or  else 
Yiaving  otherwise  atmospheric  pressure  there.  Or,  briefly,  wo  maj  saj  that  the 
free-Unel  for  any  particle  of  water  is  the  level  of  the  atmospheric  end  of  its  pressiue- 
rolumn,  or  of  an  equivalent  ideal  pressure-column. 
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the  interior  of  the  cnrrent,  and  have  been  gaining  forward  acceleration 
there  are  gradually  expelled,  or  do  gradaally  flow  from  that  region,  and 
come  themselves  into  close  proximity  to  the  resisting  channel  face; 
and  80,  in  their  turn,  do  receive  very  directly  backward  forces  from 
the  face,  because  in  proximity  to  it  processes  of  fluid  distortion  subject 
to  viscid  resistance  are  going  on  with  great  activity  and  intensity. 

The  transverse  motions  have  their  origin  primarily  in  the  rush  of 
the  water  along  the  wetted  channel  face.  When  that  face  is  rough  or 
irregular  with  lumps  and  hollows  or  other  asperities,  reasons  for  the 
origination  of  transverse  currents  may  be  sufficiently  obvious.  Bat 
even  if  the  channel  £Byce  is  extremely  smooth,  so  as  to  present  no 
sensible  asperities,  still  there  is  good  reason  to  assert  that  transverse 
flows  will  come  to  be  instituted  in  consequence  of  the  rapid  flow  of 
the  main  body  of  the  current  along  a  lamina,  very  thin  it  may  be,  of 
water  greatly  deadened  as  to  forward  motion  by  viscid  cohesion  with 
the  channel  face,  and  throughout  and  across  which,  if  regarded  as  only 
very  thin,  in  virtue  of  its  thinness,  the  backward  force  applied  by  the 
face  can  be  transmitted  by  mere  viscosity.  The  thin  lamina  of 
deadened  water  will  tend  by  the  scour  of  the  quicker  going  water 
always  moving  subject  to  variations  both  of  velocity  and  of  direction 
of  motion  to  be  driven  into  irregularly  distributed  masses ;  and  these, 
acted  on  by  the  quicker  moving  water  scouring  past  them,  will  force 
that  water  sidewise,  and  will  be  entangled  with  it  and  will  pass  away 
with  some  transverse  motion  to  commingle  with  other  parts  of  the 
current.* 

K  we  watch  the  surfaces  of  flowing  rivers,  or  of  tidal  currents 
flowing  in  narrows  or  Jcylesy  we  may  often  have  opportunity  to  observe 
very  prevalent  indications  of  rushes  of  water  coming  up  to  the  surface 
and  spreading  out  there.  These  rushes  often  may  be  seen  to  keep 
rising  in  quick   succession  in  numerous  neighbouring  parts  of  the 

*  ThiB  principle  I  noticed  mjself  in  the  ooimexion  in  which  it  is  here  adduced  ; 
and  the  idea  has  since  been  confirmed  to  me  and  rendered  more  definite  through 
additional  considerations  mentioned  to  me  lately  bj  mj  brother,  Sir  William  Thomson, 
which  have  originated  with  him  in  some  of  his  theoretical  investigations  in  quit« 
another  branch  of  hjdrauHc  science,  and  which  relate  to  finite  slip  in  a  frictionlcss 
fluid.  He  pointed  out  that  if,  for  water  theoretically  regarded  as  frictionless,  or 
devoid  of  yiscositj,  we  imagine  a  long  smoothly  formed  straight  trough  or  channel 
wifch  a  thin  yertical  longitudinal  plane  septum  dividing  it  into  two  parts  each  uniform 
in  ciois-section  throughout  its  length,  and  if  ^e  imagine  the  space  on  one  side  of  the 
•eptum  to  be  occupied  bj  still  water,  and  a  current  to  be  flowing  along  on  the  other 
fide ;  and  if,  while  this  is  in  progress,  we  imagine  the  vertical  partition  to  be  with- 
drawn so  as  to  leave  the  current  flowing  along  a  plane  face  of  still  water,  the  motion 
with  the  finite  slip  thus  instituted  will  be  essentially  unstable.  Keasons  for  this, 
when  once  it  is  brought  under  notice,  are  very  obvious  from  consideration  of  the 
centrifugal  forces,  or  centrifugal  actions,  which  would  be  introduced  on  the  slightest 
beginntng  being  made  of  any  protuberance  or  hollow  in  the  originally  plane  interface 
between  the  still  water  and  the  current. 
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wattT  surface,  and  they  may  be  seen  presenting  appearances  of  spread- 
ing oat  till  they  meet  one  another  and  give  indication  of  momentary 
downward  sinking  at  their  places  of  meeting. 

From  whence  do  these  transverse  currents  come  to  the  surface  ?  It 
seems  to  me  they  must  have  had  their  origin  in  the  deadened  water 
scouring  along  the  bottom,  or  along  the  wetted  sidc-fa<;es  of  the  channel, 
in  such  ways  as  have  just  now  been  briefly  sketched  out.  Thus  it  seems 
that  there  are  tendencies  bringing  about  the  result  that  the  superficial 
stratum  of  the  river  receives  perpetually  renewals  of  its  substance  by 
water  corrents  arriving  to  it,  and  spreading  out  there,  which  have  very 
recently  departed  from  the  bottom  before  coming  up  to  enter  into  that 
superficial  stratum.  But  their  substance,  having  come  in  great  part 
from  the  bottom,  must  be  largely  made  up  of  the  deadened  or  slow- 
going  bottom- water.  It  is  to  be  understood  that  this  deadened  water, 
in  rising  through  the  current  towards  the  surface,  is  partly  urged  for- 
ward in  the  down-stream  direction  by  the  surrounding  quicker-going 
water,  but  that  it  arrives  at  the  surface  without  having  attained  fully 
to  the  down-stream  velocity  of  that  intermediate  stream. 

It  may  readily  bo  perceived  that  it  is  from  the  washed  face  of  the 
channel  alone,  or  from  that  and  the  retarded  layer  of  water  in  proxi- 
mity to  it,  that  any  strong  transverse  impulses  can  be  applied  to  any 
parts  of  the  current.  No  rapid  transverse  current  will  originate  in  the 
middle  of  the  body  of  tlie  river ;  for  there  is  no  cause  for  the  origination 
of  transverse  currents  there,  unless  perhaps  we  were  to  regard  as  such 
any  slight  transverse  motions  which  may  be  produced  through  the 
gliding  forward  of  parts  of  the  water  there  relatively  to  others  near 
them  going  with  different  velocities,  and  unless  we  were  to  regard  as 
such  any  transverse  disturbances  that  may  be  imparted  to  forward- 
flowing  water  there  by  the  intrusion  and  comminghng  of  partially 
deadened  water  from  the  channel-face. 

We  may  now  have  great  confidence,  I  think,  in  taking  as  a  well- 
established  truth,  or  at  least  as  a  very  probable  view,  the  supposition 
already  laid  down  to  the  effect  that  very  commonly  the  superficial 
stratum  of  a  river  receives  perpetually  renewals  of  its  substance  by 
water  currents  arriving  to  it  and  spreading  out  there,  which  have  very 
recently  departed  from  the  bottom  or  sides  of  the  channel  before 
coming  up  to  enter  into  that  superficial  stratum ;  and  that  the  substance 
thus  perpetually  renewing  the  surface  stratum  is  largely  composed  of 
deadened  or  slow-going  bottom- w^ater,  or  of  water  going  slower  forward 
than  the  water  through  which  it  traverses  in  ascending  to  the  surface. 
It  is  further  to  be  noticed  that  the  water  which  at  any  moment  consti- 
tutes the  superficial  stratum  is,  in  its  turn,  very  soon  overflowed  by 
later  arrivals  from  the  bottom.  So  it  gradually  descends  from  the  sar- 
face  into  the  interior  of  the  body  of  the  river.  But  during  this  action 
it  is  always  flowing  downhill,  or  we  may  better  say  it  is  experiencing 
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afaXl  of  free  levels  in  consequence  of  the  surface  declivity.  It  is  thus 
receiving  forward  acceleration  in  the  downhill  direction,  and  its 
velocity  goes  on  increasing  until  at  some  depth  from  the  surface  it 
reaches  a  maximum,  from  whence,  during  further  lapse  of  time  and 
further  descent  of  this  water  towards  the  bottom,  the  retarding 
influences  imparted  to  it  from  the  bottom  are  predominant  over  the 
downhill  accelerating  influence  of  gravity.  These  retarding  influences, 
chiefly  acting  through  transverse  rushes  of  water  from  the  bottom 
commingling  more  numerously  and  more  briskly  with  the  descending 
water  under  consideration  the  more  it  gets  into  the  neighbourhood  of 
the  bottom,  bring  about  the  result  that  the  water  goes  forward  with 
less  and  less  velocity  as  it  approaches  nearer  and  nearer  to  the  bottom. 

I  have  now  to  offer,  by  consideration  of  an  imaginable  case  different 
from  that  of  an  ordinary  river,  an  illustration  which  will  aid  in  the 
forming  of  clear  ideas  on  what  I  have  been  presenting  as  a  true  theory 
of  the  real  behaviour  of  the  water  in  rivers. 

Let  us  imagine  a  flowing  river  composed  mostly  of  water,  but  with 
a  layer  of  oil  floating  on  the  top,  the  oil  being  of  some  such  depth  as  a 
tenth  or  a  twentieth  part  of  the  whole  depth  of  the  river.  Let  us 
suppose  the  width  of  the  river  to  be  so  very  great  relatively  to  the 
depth  as  that  in  considering  the  flow  in  a  middle  portion  of  the  river, 
we  may  regard  it  as  experiencing  no  sensible  retarding  influences, 
either  through  the  water  or  the  oil,  from  the  sides  of  the  river ;  and 
let  the  flow  to  be  kept  under  consideration  be  only  that  middle  portion 
without  the  lateral  poiiiions  which  would  be  sensibly  affected  by 
retarding  influences  from  the  sides.  Here  we  have  a  case  differing 
from*  that  of  an  ordinary  river  of  water  in  this  important  respect, 
that,  while  in  the  ordinary  river  the  superficial  stratum  of  fluid  is  jxir- 
petually  changing  its  substance,  and  is,  as  I  suppose,  perpetually 
receiving  new  supplies  of  deadened  water  from  the  bottom,  in  the 
imagined  case  now  adduced  the  substance  of  the  superficial  layer  being 
of  oil  floating  at  top,  does  not  undergo  any  such  change.  The  oil  then, 
it  seems  very  certain,  would  really  rush  down  what  we  may  call  the  in- 
clined plane  of  water  on  which  it  lies,  and  would  go  on  accelerating  its 
motion  until,  by  advancing  very  much  faster  than  the  water,  it  would 
introduce  a  frictional  drag  between  itself  and  the  water  sufticient  to 
hinder  its  further  acceleration ;  *  or  rather  until,  without  attaining  to 

*  FosUcript  note,  Isi  November^  1878. — An  obserrod  phenomenon,  wliich,  if  duly 
taken  into  consideration,  must  doubtless  be  found  to  be  closely  allied  in  its  nature  to 
the  supposed  behaviour  of  the  imagined  layer  of  oil  on  a  flowing  river  of  water  above 
adduced,  and  which  is  certainly  of  much  interest,  both  for  its  own  sake  and  in  refe- 
rence to  theoretical  views  which  have  been  held  as  to  its  origin  and  its  indications, 
has  come  under  my  notice  since  the  time  when  the  present  paper  in  manuscript  was 
presented  to  the  Bojal  Society.  The  book  by  Bazin,  which  may  be  briefly  named  as 
Darcy  et  Bazin  "  Kecherches  Hydrauliques,"  Paris,  1865  {see  a  previous  foot-note  in 
this  paper),  contains  prefixed  to  it  a  report,  dated  1863,  of  a  committee  of  the 
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that  stage  of  great  relative  velocity,  it  would  at  an  earlier  stage 
raffle  up  the  matual  face  of  meeting  of  itself  and  the  water  into  pro- 
taherances  and  hollows,  somewhat  like  waves,  on  the  principle  referred 
to  already  in  a  foot-note  as  having  been  proposed  by  Sir  William 
Thomson,  and  would  carry  this  action  on  to  the  extent  of  causing 
commotion  and  commingling  of  the  water  and  oil.  The  contrast  be* 
tween  this  case  and  that  of  an  ordinary  river  of  water  is  so  remarkable 
as  to  aid  the  forming  of  a  clear  comprehension  of  the  very  different 
mode  of  action  which  I  have  been  attributing  to  the  water  in  ordi- 
nary rivers  and  other  open  channels. 

It  is  farther  worthy  of  notice  that  if,  from  any  local  cause,  the  water 
flowing  forward  in  some  part  of  the  width  of  a  river  has  in  its  motion 
a  component  downward  ^m  the  surface  towards  the  bottom,  and  is 
free  from  intrusion  of  upward  currents  or  rushes  of  deadened  water 

Academy  of  Sciences  on  the  memoir  of  M.  Bazin, "  Sur  le  Mouyement  de  I'Baii  dam 
leB  Cauaux  decou verts.'*  In  that  report  the  committee  remark  (as  oonfirmatoiy  of 
the  view  which  thej  accept,  to  the  effect  that  in  deep  rivers,  especially  when  not  Tery 
wide  relatively  to  their  depth,  the  place  of  maximum  velocity  is  at  a  considemUe 
depth  below  the  surface)  as  follows  : — "  II  yalongtemps  que  les  bateliers  da  Bhinet 
nos  pontonniers  savont  qu*un  bateau  charg^  et  ayant  un  fort  tirant  d*eaa,  marche,  en 
descendant,  plus  vite  que  Teau  qui  le  soutient  ou  que  les  corps  flottants  i  la  surfaoa.*' 
This  obviously  conveys  the  opinion  that  a  heavily  loaded  boat,  sinking  deep  into  the 
water,  and  thereby  having  its  deeper  part  immersed  in  water  which  is  flowing  quicker 
than  the  surface  water,  is  dragged  forwards  by  that  deeper  and  quicker  moving 
water,  and  so  b  made  to  advance  quicker  than  the  surface  water  does.  The  idea 
seems  to  be  that  the  boat  has  some  average  velocity  less  than  that  of  the  water  at  its 
bottom,  and  greater  than  that  of  the  surface  water.  The  view  which  thus  appears 
to  be  held  in  respect  to  the  observed  phenomenon  seems  to  me  to  be  inadeqoatie  and 
erroneous.  On  the  principle  put  forward  above  in  the  present  paper  in  reference  to 
the  imagined  case  of  a  river  with  an  upper  layer  of  oil,  I  would  suppose  that  a  Ufge 
and  heavy  boat,  even  if  flat-bottomed  and  of  shallow  draught  of  water,  would  roD 
down  the  river-course  quicker  than  the  water  in  which  it  swims ;  for  the  reason  that 
while  all  the  water  surrounding  it  makes  occasional  visits  to  the  bottom  of  the  rirar, 
and  meets  with  great  retardation  there,  the  boat  does  not  dive  to  the  bottom,  and  it 
free  from  any  such  retardation,  and  so  is  only  held  back  by  the  surrounding  water 
against  taking  from  gravity  a  perpetually  increasing  velocity.  Thus  it  must  go  faeter 
than  the  surrounding  water  which  has  to  hold  it  back.  The  boat  of  deeper  draught 
referred  to  by  the  committee  I  would  suppose  would  advance  quicker  than  the  surface 
water,  for  the  same  reason,  and  not  merely  because  of  its  bottom  being  situated  in 
water  moving  quicker  than  that  at  the  surface.  The  principles  I  have  assigned  would 
afford  ample  reason  for  our  supposing  that  the  boat  of  deep  draught  might  awim 
forward  much  quicker  not  only  than  the  surface  water,  but  also  than  the  water  at  ite 
bottom,  or  indeed  than  any  part  of  the  water  of  the  river  surrounding  the  boat. 
Very  small  floating  objects,  such  as  sticks  or  leaves,  would  present,  in  proportion  to 
their  small  masses,  so  much  resistance  to  motion  through  the  surrounding  water  that 
they  would  be  constrained  in  fact  to  move  sensibly  at  the  same  velocity  as  that  of  tho 
water  surrounding  them.  The  phenomenon  would  thus  be  presented  of  the  boat 
swimming  forward  past  the  small  floating  objects  Ax)und  it. 

J.T* 
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from  tbe  bottom,  or  of  water  retarded  by  the  inflaence  of  tbe  river- 
bed, we  ought  to  expect  the  forward  velocity  to  increase  from  the  Hur- 
faoe  to  very  nearly  the  bottom.  The  accelerative  inflaence  of  gravity 
dae  to  the  surface  inclination,  and  more  particularly  dae  to  the  fall  of 
free-level  experienced,  as  an  accompaniment  of  that  inclination,  by  the 
water  throaghoat  the  body  of  the  current  in  its  onward  flow  would 
generate  in  every  portion  or  particle  of  this  water  increase  of  velocity 
for  advance  along  its  course;  because,  in  the  absence  of  rushes  of 
deadened  water  from  the  bed,  such  as  it  appears  do  commonly  intrude 
into  the  body  of  the  current,  there  would  be  no  retardative  inflaence  to 
coujiteract  the  gravitational  accelerative  influence ;  since  the  mere 
viBCosity  of  the  water  unaided  by  transverse  commingling  is,  I  con- 
sider, insignificantly  small  and  quite  ineflectual  as  a  resisting  influence 
or  means  of  transmitting  resistance  from  the  bed  to  any  part  of  the 
water  in  the  body  of  the  current  out  of  close  proximity  to  the  bed. 
Bat  as  this  forward  moving  water  is  also  descending  towards  the 
bottom  while  it  is  gaining  forward  velocity,  it  follows  that,  in  the  cir- 
cumstances of  flow  supposed,  we  oaght  to  expect  the  forward  velocity 
io  increase  with  descent  from  the  surface  to  very  nearly  the  bottom.  It 
is  to  be  understood  that  the  freedom  supposed  from  upward  rushes  or 
intrusions  of  deadened  water  will  not  be  maintained  in  the  water  when 
it  arrives  into  proximity  to  the  bottom.  In  approaching  very  near  to 
the  bottom  the  water  must  begin  to  receive  important  resisting  forces 
communicated  to  it  from  the  bottom  through  commingling  of  dead- 
ened water,  and  by  intense  distortional  actions  with  viscosity. 

It  is  also  to  be  noticed  in  connexion  with  the  case  under  con- 
sideration that  if,  in  one  part  of  the  width  of  the  river,  there  is  a  pre- 
vailing descent  towards  the  bottom,  there  will  be  upward  flows  to 
compensate  for  this  in  other  parts  of  the  width.  Then  obviously  the 
whole  character  of  the  action  of  the  water  will  be  very  different  in  the 
regions  where  ascent  prevails  from  that  in  the  regions  where  there  is 
a  prevailing  descent;  and  the  distribution  of  forward  velocities 
throughout  any  vertical  line  in  the  one  region  will  be  quite  different 
from  the  distribution  of  forward  velocities  throughout  any  vertical 
line  in  the  other  region.  Local  circumstances  casually  aflecting  the 
flow  in  the  way  here  described  I  think  may  perhaps  account  for  some 
of  the  apparent  anomalies  in  respect  to  the  distribation  of  velocities 
through  different  parts  of  the  depth  from  surface  to  bottom  which 
have  been  met  with  by  various  experimenters,  and  have  been  included 
among  the  recognised  causes  of  the  perplexity  and  bewilderment  with 
which  this  branch  of  hydraulic  science  is  pervaded. 

I  wish  next  to  draw  attention  to  one  of  the  results  of  observation 
and  experiment  announced  by  Captain  Cunningham  in  his  book 
already  referred  to  ("Hydraulic  Experiments  at  Roorkee").  In  his 
discussion  of  hia  experimental  results  on  the  flow  of  water  in  each  of 
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two  artificially-formed  channels  on  the  Ganges  Canal,  one  of  them, 
168  feet  wide,  and  the  other  85  feet  wide,  and  each  haying  the  water 
often  about  from  6  feet  to  9  feet  deep,  he  states  (p.  46,  article  35): 
*'  Thei*e  is  a  constant  surface  motion  (deviation)  from  the  edges 
towards  the  centre,  most  intense  at  the  edges  and  rapidly  decreasing 
with  distance  from  the  edges.'* 

This  experimental  conclusion,  on  the  supposition  of  its  being 
decidedly  trustworthy,  as  Mr.  Cunningham  asserts  with  confidence 
that  it  is,  I  think  may  probably  be  satisfactorily  explicable  through 
considerations  intimately  connected  with  those  which  I  have  already 
given  for  an  amended  theory  of  the  flow  of  water  in  rivers. 

I  wish,  however,  not  to  prolong  the  present  paper  by  entering  on 
any  detailed  discussion  of  this  branch  of  the  subject,  and  besides  I 
prefer  to  reserve  this  for  some  further  consideration  before  venturing 
to  put  forward  the  views  in  reference  to  it  which  at  present  appear  to 
me  likely  to  be  tenable.  It  may  be  noticed,  however,  that  Captain 
Cunningham's  experimental  result,  if  decidedly  correct,  throws  addi- 
tional light  on  the  subject  of  the  abatement  of  surface  velocity  compa- 
ratively to  the  velocity  at  some  depth  below  the  surface  being  found 
in  Bazin's  experiments  to  occur  in  a  much  greater  degree  near  the 
sides  of  rectangular  and  various  other  channels  than  at  middle.  Basin 
thought  indeed  from  his  own  experiments  (as  I  have  already  had  occa- 
sion to  mention)  that  the  relative  retardation  or  slowness  of  the 
surface  occurred  not  in  the  middle  of  wide  channels  (that  is  to  say,  of 
channels  wide  relatively  to  the  depth  of  the  water)  but  only  near 
the  sides ;  but  this  supposition  1  have  referred  to  as  appearing  not  to 
be  trustworthy.  With  these  brief  suggestions  I  will  now  leave  for 
further  consideration  the  subject  of  the  special  phenomena  of  the 
influence  of  the  sides. 

Historical  Note, 

Subsequently  to  my  having  formed,  in  all  its  primary  or  more 
essential  features,  the  new  view  now  explained  of  the  flow  of  water  in 
rivers,  and  before  I  had  met  with  the  book  of  Humphreys  and  Abbot, 
I  happened  to  see  in  the  writings  of  another  author  (paper  of 
Mr.  Gordon  already  referred  to)  the  following  remark  in  reference  to 
their  views  as  to  the  velocity  at  the  surface  being  less  than  at  some 
depth  below.  **  Humphreys  and  Abbot  attribute  the  fact  to  trans- 
mitted motion  from  the  irregularities  of  the  bottom ;  but  confess  them- 
selves dissatisfied  with  their  own  explanation." 

These  words  seemed  to  me  to  indicate  a  probability  of  Humphr^js 
and  Abbot  having  anticipated  me  in  some  part  at  least  of  the 
theory  which  I  had  been  forming.  On  obtaining  their  book,  how- 
ever, and  reading  the  passage  referred  to,  not  by  itself  alone,  bat  with 
its  context,  it  appeared  to  me  that  it  involved  no  real  antioipatioD| 
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althongh  one  danse  of  a  sentence  in  it,  read  by  itself,  might  be  sup- 
posed to  do  so.  The  passage  is  to  be  found  in  their  work  at  p.  286. 
They  begin  by  saying,  that  their  experimental  observations  detailed  in 
their  previoas  pages  "  prove  that  even  in  a  perfectly  calm  day  there  is  a 
strong  resistance  to  the  motion  of  the  water  at  the  surface  as  well  as 
at  the  bottom,"  and  that  this  resistance  at  the  surface  "  is  not  wholly 
or  even  mainly  caused  by  friction  against  the  air.*'  They  go  on  to 
say: — '^  One  important  cause  of  this  resistance  is  believed  to  be  the 
loss  of  living  force,  arising  from  upward  currents  or  transmitted 
motion  occasioned  by  irregularities  at  the  bottom.  This  loss  is  greater 
at  the  surface  than  near  it.  The  experiment  of  transmitted  motion 
through  a  series  of  ivory  balls  illustrates  this  efiPect.  It  is  likewise 
illustrated  on  a  large  scale  by  the  collision  of  two  trains  of  cars  on  a 
railway,  in  which  case  it  has  been  observed  that  the  cars  at  the  head 
of  the  train  are  the  most  injured  and  thrown  the  farthest  from  the 
track;  those  at  the  end  of  the  train  are  next  in  order  of  injury  and 
disturbance;  while  those  in  the  middle  of  the  train  are  but  little 
injured  or  disturbed.  Other  causes  may  and  probably  do  exist,  but 
their  investigation  has,  fortunately,  more  of  scientific  interest  than 
practical  value.  For  all  general  purposes  it  may  be  assumed  that 
there  is  a  resistance  at  the  surface,  of  the  same  order  or  nature  as  that 
which  exists  at  the  bottom." 

Now  although  this  passage  does  contain  the  words  "  arising  from 
upward  currents  or  transmitted  motion  occasioned  hy  irregularities  at 
the  bottom,**  yet  the  ilhistrations,  by  means  of  the  series  of  ivory 
balls,  and  of  the  collision  of  railway  trains,  show  that  the  authors 
attribute  to  those  words  no  clear  and  correct  meaning,  but,  on  the 
contrary,  I  would  say  they  put  forward  quite  a  false  view  of  the 
actions  going  on.  Besides  I  myself  do  not  admit  that,  except  from  the 
air,  there  is  a  resistance  at  the  surface.  According  to  my  supposition 
the  already  resisted  and  retarded  bottom  water  comes  to  the  surface 
and  spreads  out  there,  but  receives  no  new  resistance  there,  and  on 
the  contrary  receives  acceleration  from  gravity  in  running  down  hill 
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The  Japanese  mirror  must,  from  three  points  of  view,  attract  the 
notice  of  foreigners  sojourning  in  that  country — its  prominence  in  the 
temples,  the  important  feature  it  forms  in  the  limited  furniture  of  a 
Japanese  household,  and  the  wonderful  property  (which  has  apparently 
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created  more  interest  in  Europe  than  it  has  in  Japan)  possessed  by 
certain  Japanese  and  Chinese  mirrors  of  apparently  reflecting  from 
their  polished  faces  the  raised  characters  on  their  backs. 

It  was  for  this  third  reason,  the  interest  that  sach  mirrors  have  long 
possessed  for  the  stadent  of  science,  that  our  attention  was  drawn  to 
the  subject,  and  it  has  been  in  this  direction  that  our  inquiry  has  been 
chiefly  directed.  The  results  of  our  investigation  we  propose  giving 
in  the  present  paper,  reserving  for  a  subsequent  occasion*  some  remarks 
on  the  Japanese  mirror  as  an  object  of  worship,  and  the  position  it 
holds  on  the  toilet  table  of  a  Japanese  lady. 

The  mirror  of  the  Far  East  is  too  well  known  to  need  an  elaborate 
description ;  suffice  it  for  the  present  to  observe  that  it  is  generally 
more  or  less  convex  on  the  reflecting  side,  usually  made  of  bronie, 
polished  with  a  mercury  amalgam,  and  having  at  its  back  a  graoefnily 
executed  raised  design,  representing  birds,  flowers,  dragons,  a  geo- 
metrical pattern,  or  some  scene  in  Japanese  mythical  history.  OcoBr 
sionally  there  are  in  addition  one  or  more  Chinese  characters  (signi- 
fying long-life,  happiness,  or  some  similar  idea)  of  polished  metal, 
in  bold  relief.  To  the  method  of  manufacture  we  shall  refer  further 
on,  and  especially  to  the  mode  in  which  the  convexity  of  the  snrfaoe 
is  produced ;  which  portion  of  the  manufacture,  while  playing,  m  it 
does,  an  important  part  in  the  magical  behaviour  of  the  mirror,  is,  as 
far  as  we  are  aware,  not  to  be  found  described  in  any  of  the  Eastern 
or  Western  writings  on  the  subject. 

Just  before  leaving  England,  in  1873,  the  attention  of  one  of  the 
authors  was  directed  to  the  so-called  magic  property  of  certain  Eastern 
mirrors  by  the  lat«  Sir  Charles  Wheatstone,  who  explained  to  him 
that  the  Japanese  had  a  clever  trick  of  scratching  a  pattern  on  tlie 
surface  of  a  bronze  mirror  which,  after  being  polished,  showed  no 
traces  of  the  scratches  when  looked  at  directly,  but  which,  when  nsed 
to  reflect  the  sunlight  on  to  a  screen,  revealed  the  pattern  as  a  bright 
image.  This  opinion  appears  to  have  been  shared  by  Sir  David 
Brewster,  since  he  says,  in  the  ^'  Philosophical  Magazine  *'  for 
December,  1832  :— 

*'  Like  all  other  conjurors,  the  artist  has  contrived  to  make  the 
observer  deceive  himself.  •  The  stamped  figures  on  the  back  (of  the 
mirror)  are  used  for  this  purpose.  The  spectrum  in  the  luminous  area 
is  not  an  image  of  the  figures  on  the  hack.  The  figures  are  a  copy  of  the 
picture  which  the  artist  has  drawn  on  the  face  of  the  mirror^  and  so  con- 
cealed by  polishing  that  it  is  invisible  in  ordinary  lights,  and  can  be 
brought  out  only  in  the  sun*s  rays." 

As  the  explanation,  therefore,  appeared  to  this  one  of  the  anthers  to 
be  so  simple,  and  at  the  same  time  so  complete,  he  practically  dis- 
missed the  subject  from  his  mind. 

*  A  lecture  at  tbe  Boyal  Institution. 
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However,  he  was  a  little  astonished  to  find,  daring  his  residence 
in  Japan,  that,  although  the  magic  mirror  was  supposed  in  Europe 
to  be  a  standard  Japanese  trick,  and  although  it  had  been  considered 
bj  Sir  Charles  Wheatstone  as  one  of  the  besfc  proofs  of  the  ingenuity 
of  the  workmen  of  Japan,  still  that  it  formed  no  part  of  the  stock-in- 
trade  of  any  of  the  numerous  conjurors  in  this  country,  and  was  never 
exposed  for  sale  in  any  of  the  curiosity-shops.  He  was  also  still  more 
surprised  when,  during  the  visit  of  the  "  Challenger,"  Sir  Wyville 
Thomson  and  himself  were  strolling  about  Tokio,  to  find  that,  although 
they  asked  at  several  mirror  shops  for  a  mirror  that  showed  the  back, 
a  specimen  of  which  Sir  Wyville  much  desired  to  possess,  the  shop- 
keepers seemed  not  to  have  the  slightest  knowledge  of  what  was  wanted. 
At  that  time  the  author  could  not  but  regard  the  total  apparent  ignorance 
displayed  by  the  Japanese  mirror- vendors  on  this  subject  as  the  result 
d  his  limited  knowledge  of  the  language,  and  he  had  then  no  notion 
that,  in  Japan  at  any  rate,  the  phenomenon  was  the  result  of  no  clever 
trickery,  but  arose  from  the  method  in  which  the  mirrors  were  pre- 
pared. We  have  since  learnt,  however,  by  diligent  inquiry,  that,  as 
is  the  case  with  many  things  appertaining  to  Japan,  so  with  the 
magic  mirror,  the  people  who  know  least  about  the  subject  are  the 
Japanese  themselves,  and  we  think  this  only  furnishes  another  proof 
that  teachers  to  instruct  the  Japanese  about  Japan  itself  are  the 
greatest  desideratum. 

Our  attention  was  next  directed  to  the  subject  of  the  curious  pro- 
perty possessed  by  some  Japanese  mirrors  by  a  letter  from  Professor 
Atkinson,  of  the  Tokio  Dai  Gaku  (the  Imperial  University),  which 
appeared  in  "  Nature,"  May  24!th,  1877,  and  in  which  he  says,  after 
referring  to  the  phenomenon  of  the  pattern  on  the  back  being  ap. 
parently  reflected  when  sunlight  is  allowed  to  fall  on  the  face : — 

**I  have  since  tried  several  mirrors,  as  sold  in  the  shops,  and  in 
most  cases  the  appearance  described  has  been  observed  with  more  or 
less  distinctness.* 

"  i  have  been  unable  to  find  a  satisfactory  explanation  of  this  fact, 
but  on  considering  the  mode  of  manufacture  1  was  led  to  suppose  that 
the  pressure  to  which  the  mirror  was  subjected  during  polishing,  and 
which  is  greatest  on  the  parts  in  relief,  was  concerned  in  the  pro- 
duction of  the  figures.  On  putting  this  to  the  test  by  rubbing  the 
back  of  the  mirror  with  a  blunt-pointed  instrument,  and  permitting 
the  rays  of  the  sun  to  be  reflected  from  the  front  surface,  a  bright  line 
appeared  in  the  image  corresponding  to  the  position  of  the  part 
rubbed.  This  experiment  is  quite  easy  to  repeat,  a  scratch  with  a 
knife,  or  with  any  other  hard  body,  is  sufficient.  It  would  seem  as  if 
the  pressure  upon  the  back  during  polishing  caused  some  change  in 

•  Only  a  tmaU  fc  rcentage,  however,  of  the  total  number  of  Japanese  mirrors 
thai  the  aatbort  of  this  paper  hare  experimented  on  show  the  phenomenon  clearly. 
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tlie  reflecting  surface  corresponding  to  the  raised  parts,  whereby  the 
amount  of  light  reflected  was  greater ;  or  supposing  that,  of  the  light 
which  falls  upon  the  surface,  a  part  is  absorbed  and  the  rest  reflected, 
those  parts  corresponding  to  the  raised  portions  on  the  back  are 
altered  by  the  pressure  in  such  a  way  that  less  is  absorbed,  and  there- 
fore a  bright  image  appears." 

Professor  Atkinson  cautiously  adds :  "  This,  of  course,  is  not  an 
explanation  of  the  phenomenon,  but  I  put  it  forward  as  perhaps  in- 
dicating the  direction  in  which  a  true  explanation  may  be  looked  for." 

In  vol.  i,  p.  242,  year  1832,  of  the  "  Journal  of  the  Asiatic  Society 
of  Bengal,"  Mr.  Prinsep  gives  an  account  of  a  Japanese  magic  mirror 
which  he  had  seen  in  Calcutta.  He  does  not  appear  to  have  made  any 
direct  experiments  with  this  mirror  for  the  pnrpose  of  elucidating 
which  of  all  the  possible  causes  is  the  real  cause  of  the  magic  pheno- 
mena, but  rather  he  concludes  '*  from  analogy  that  the  thin  parts  or 
tympanum  of  the  Japanese  mirror  are  slightly  convex  with  reference 
to  the  rest  of  the  reflecting  surface,  which  may  have  been  caused  either 
by  the  ornamental  work  having  been  stamped  or  partially  carved  with 
a  hammer  and  chisel  on  its  back ;  or,  which  is  more  probable,  that 
part  of  the  metal  was  by  this  stamping  rendered  in  a  degree  harder 
than  the  rest,  so  that  in  polishing  it  was  not  worn  away  to  the  same 
extent.'*  It  does  not  seem  to  have  occurred  to  him  that  Japanese 
mirrors  are  cast  and  not  stumped  at  all. 

In  "  Nature,"  June  14th,  1877,  Mr.  Highley  refers  to  the  exhibition 
of  a  Japanese  mirror  by  Professor  Pepper  some  years  ago  at  the  Poly- 
technic Institution,  London,  and  to  the  praiseworthy  attempt  of  an 
English  brass  worker,  who  saw  the  experiment,  and  who  also  was  under 
the  false  impression  that  such  mirrors  were  stamped,  to  solve  the  pro- 
blem. *'  The  workman  found  that  taking  ordinary  brass  and  stamping 
upon  its  surface  with  any  suitable  die,  not  once,  but  three  times  in 
succession,  upon  exactly  the  same  spot,  grinding  down  and  polishing 
between  each  act  of  stamping,  a  molecular  difference  was  established 
between  the  stamped  and  unstamped  parts,  so  that  images  of  the  pat- 
tern could  be  reflected  from  the  finally  polished  surface,  just  as  witii 
the  Japanese  specula,  though  no  difference  of  surface  could  be  detected 
with  the  eye." 

To  people  who  have  not  been  in  China  or  Japan,  and  personally 
studied  mirror-making,  this  idea  of  stamping  seems  very  plausible,  for 
Sir  David  Brewster,  on  p.  113  et  seq.  of  his  "  Letters  on  Natural  Magic,'* 
published  in  1842,  describes  fully  a  method,  depending  on  the  mole- 
cular change  produced  by  stamping,  by  means  of  which  the  inscrip- 
tions on  old  coins,  that  have  been  worn  quite  smooth,  may  be  deciphered. 
This  method  merely  consists  in  heating  the  coin  on  a  piece  of  red-hot 
iron,  when  the  inscription  becomes  visible  from  the  different  rate  of 
oxidation  of  the  part  of  the  coin  that  has  been  subjected  to  great 
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pressure  in  stamping  from  that  part  that  has  been  subjected  to  less. 
But,  as  already  mentioned,  all  explanations  depending  on  stamping 
must  at  the  outset  be  put  on  one  side  when  studying  the  behaviour  of 
Japanese  mirrors,  since  casting,  and  not  stamping,  is  the  process  em* 
ployed  in  their  manufacture. 

In  the  "Reader"  (a  paper  now  extinct)  for  February,  1866,  Mr, 
Pamell  attempts  to  explain  the  phenomenon  by  an  inequality  in  the 
surface  of  the  mirror,  produced  by  the  thinner  portion  warping  more 
in  cooling  than  the  thicker  part  where  the  pattern  exists,  and  he  endea- 
vours to  experimentally  examine  this  by  studying  the  direct  reflection 
of  the  globe  of  a  gas-lamp,  as  seen  in  the  different  parts  of  the  mirror. 
We,  as  well  as  Professor  Atkinson,  have  tried  to  repeat  this  ex- 
periment with  some  magic  mirrors  in  our  possession,  but  we  cannot 
say  that  it  affords  any  conclusive  evidence  regarding  the  cause  of  the 
phenomenon. 

It  therefore  appeared  to  us  a  year  ago  that  the  subject  would  repay 
investigation,  an  opinion  also  expressed  by  Professor  Silvanus  Thomp- 
son, who,  in  writing  from  University  College,  Bristol,  to  "Nature," 
during  June  of  1877,  suggested  that  the  Japanese  mirrors  exhibited  at 
the  Loan  Collection  of  Scientific  Apparatus  in  London  might,  if  they 
showed  the  phenomenon,  be  used  for  such  an  investigation.  And  as 
Professor  Atkinson  did  not  propose  following  up  the  question  himself, 
he  lent  us  the  mirror  which  he  possessed,  and  cordially  agreed  with  our 
proposal  that  we  should  undertake  the  investigation.  This  we  have 
done,  and  obtained  the  results  which  we  venture  to  submit  this  evening 
to  the  Society. 

At  the  commencement  of  the  inquiry  we  naturally  desired  to  see 
what  had  been  written  on  the  subject  of  Japanese  mirrors,  and  this 
brought  to  our  notice  the  information  regarding  mirrors  generally  in 
this  country,  which,  as  mentioned  at  the  beginning  of  this  paper,  will 
form,  we  propose,  the  substance  of  a  subsequent  communication.  But, 
of  the  mugic  mirror,  Japanese  literature  (so  far  as  we  have  been  able  to 
ascertain)  makes  absolutely  no  mention. 

In  "Les  Industries  Anciennes  et  Modemes  de  TEmpire  Chinois," 
published  in  1869,  by  MM.  Stanislas  Julien  and  Paul  Champion, 
there  is  a  short  article  on  "  Les  Miroirs  Magiques  des  Chinois,  et  leur 
fabrication,"  taken  from  the  paper  communicated  by  M.  Julien  to 
the  French  Academy  of  Sciences.     In  this  he  says : — 

**  Many  famous  philosophers  have  for  a  long  time,  but  without  suc- 
cess, endeavoured  to  find  out  the  true  cause  of  the  phenomenon 
which  has  caused  certain  metallic  mirrors  constructed  in  China  to 
have  acquired  the  name  of  magic  mirrors.  Even  in  the  country  itself 
where  they  are  made  no  European  has,  up  to  the  present  time,  been  able 
to  obtain  either  from  the  manufacturers,  or  from  men  of  letters,  the 
information,  which  is  so  full  of  interest  to  us,  because  the  former  keep 
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it  a  secret  when  by  chance  they  possess  it,  and  the  latter  generally 
ignore  the  subject  altogether.  I  had  found  many  times  in  Chinese 
books  details  regarding  this  kind  of  mirrors,  bat  it  was  not  of  a  nature 
to  satisfy  the  very  proper  cariosity  of  philosophers,  because  sometimeB 
the  author  gave  on  his  own  responsibility  an  explanation  that  he  had 
guessed  at,  and  sometimes  he  confessed  in  good  faith  that  this  eurions 
property  is  the  result  of  an  artifice  in  the  manufacture,  the  monopoly 
of  which  certain  skilled  workmen  reserve  to  themselves.  One  can 
easily  understand  this  prudent  reticence  when  we  remember  that  the 
rare  mirrors  which  show  this  phenomenon  sell  from  ten  to  twenty  times 
as  dear  as  the  rest." 

M.  Julien  then  gives  an  elaborate  description  of  one  of  these  mirrors 
in  the  possession  of  the  Marquis  de  La  Grange.  He  further  remarks 
that  such  mirrors  are  called  in  Chinese  theoti-kouang-kien^  which  means 
literally  '*  mirrors  that  let  the  light  pass  through  them,'*  and  that  this 
name  has  arisen  from  a  popular  error  on  the  subject.  Chin-kouo,  a 
Chinese  writer  who  flourished  in  the  middle  of  the  eleventh  century, 
speaks  with  admiration  about  them  in  his  memoirs  called  ifon^-ilpt-pi- 
tdn,  book  xix,  folio  5.  The  poet  Kin-ma  has  celebrated  them  in  verse ; 
but  up  to  the  time  of  the  Mongolian  emperors  nobody  could  explain 
the  cause  of  the  wonderful  phenomenon.  Ou-tseu-hing,  who  lived 
between  1260  and  1341  under  this  dynasty,  had  the  honour  of  being 
the  first  to  throw  any  light  on  the  subject.     He  says : 

*'When  we  turn  one  of  the  mirrors  with  its  face  to  the  son,  and 
allow  it  to  throw  a  reflection  on  a  wall  close  by,  we  see  the  ornaments 
or  the  characters  which  exist  in  relief  on  the  back  appear  clearly.  Now 
the  cause  of  this  phenomenon  arises  from  the  employment  of  two  kinds 
of  copper  of  unequal  density.  If  on  the  back  of  the  mirror  a  dragon 
has  been  produced  while  casting  it  in  the  mould,  then  an  exactly  similar 
dragon  is  deeply  engraved  on  the  face  of  the  disk.  Afterwards  the 
deep  chisel-cuts  are  filled  up  with  denser  copper,  which  is  incorporated 
with  the  body  of  the  mirror,  which  oaght  to  be  of  finer  copper,  by 
submitting  the  whole  to  the  action  of  fire,  then  the  face  is  planed  and 
prepared,  and  a  thin  layer  of  lead  or  of  tin  spread  over  it.* 

*'  When  a  beam  of  sunlight  is  allowed  to  fall  on  a  polished  mirror 
prepared  in  this  way,  and  the  image  is  reflected  on  a  wall,  bright 
and  dark  tints  are  distinctly  seen,  the  former  produced  by  the  parer 
copper,  and  the  latter  by  the  parts  in  which  the  denser  copper  is 
inlaid/' 

If,  then,  we  understand  this  description  of  Ou-tseu-hing  correctly,  it 
would  appear  that  the  pattern  appears  by  reflection  as  a  dark  image 
on  a  bright  ground,  the  opposite  of  what  is  experienced  in  Japanese 
mirrors. 

*  This  probably  refers  to  the  mercury  amalgam  which  is  used  in  po^shing,  and 
which  Ou-tseu-hing  mistook  for  lead  or  tin. 
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Oa-tsea-liixig  adds  tliat  he  has  seen  a  mirror  of  this  kind  broken  into 
pieces,  and  that  he  has  thus  ascertained  for  himself  the  truth  of  this 
-explanation. 

In  a  recent  interesting  article  published  in  No.  29  of  the  '*  Garten- 
lanbe,"  Heft  8,  1877,  by  the  well-known  German  popular  writer  whose 
nom-de^hime  is  Carus  Sterne,  doubt  is  thrown  on  the  above  explanation, 
«ince  Herr  Sterne  thinks  the  magic  mirror  he  himself  possesses  is  too 
thin  for  any  such  inlaying  to  have  been  performed.  In  quoting  the  infor- 
mation given  by  M.  Julien,  to  which  reference  is  made  above,  he  inci- 
-dentally  mentions  that  it  is  taken  from  the  fifty-sixth  volume  of  the 
Chinese  encjclopaddia,  ceMed  *^  Ke-chi-king-yotien.*^  Herr  Sterne  adds 
that  these  magic  mirrors  were  known  to  the  Chinese  from  the  earliest 
times,  and  that  one  of  their  writers  spoke  about  them  in  the  ninth 
•centoiy  of  the  Christian  era.  He  remarks  that  the  Roman  writer 
AnluB  GbUins,  who  lived  seventeen  centuries  ago,  referred  to  mirrors 
that  sometimes  reflected  their  backs  and  sometimes  did  not.  From  the 
great  antiquity  of  the  Chinese  magic  mirrors  Herr  Sterne  thinks  it  pro- 
bable that  the  mirrors  with  secret  signs  and  figures  of  imps  on  the  back 
which  formed  a  portion  of  the  stock-in-trade  of  the  witches  of  the  middle 
ages  were  of  Eastern  manufacture.  He  further  alludes  to  the  account 
given  by  the  Italian  historian  Muratori  of  the  magic  mirror  found 
under  the  pillow  of  the  Bishop  of  Verona,  who  was  afterwards  con- 
demned to  death  by  Martin  della  Scala,  as  well  as  to  the  one  disco- 
vered in  the  house  of  Cola  da  Rienzi,  on  the  back  of  whicli  was  the 
word  "Piorone.** 

Neither  in  *^Les  Memoires  concemant  les  Chinois  par  les  Mis- 
sionaires,"  nor  in  Duhalde's  classical  work  on  China,  is  there  any 
mention  of  the  magic  mirror.  I  understand,  however,  that  a  short 
paper  on  the  subject,  by  Professor  Harting,  appeared  some  years  ago 
in  a  Dutch  periodical,  the  ''Album  der  Naturer;"  this  1  have  not 
seen :  but  Dr.  Geerts,  a  Dutch  gentleman  resident  in  Japan,  and  who 
has  a  most  extensive  acquaintance  with  the  literature  bearing  on  that 
•country,  informs  me  no  explanation  of  the  phenomenon  was  contained 
in  that  article. 

Japanese  literature,  as  already  mentioned,  appears  to  be  quite  barren 
of  information  regarding  their  own  or  the  Chinese  mirrors  which 
appear  to  reflect  their  backs.  But  in  the  shun-peii-kamaJcura'Shi^  oi* 
■*'  New  Collection  of  Writings  about  Kamakura,"  it  is  mentioned  that 
in  the  temple  Ketichojl,  situated  in  the  ancient  capital  of  the  Sliogun,* 
there  is  treasured  up  a  wonderful  old  mirror,  3^  suns  high  and  3  suns 
wide,t  which,  when  looked  at  somewhat  obliquely,  shows  the  image  of 

*  Shogan,  the  military  usurper  of  the  throne  of  Japan,  and  recognized  in  modern 
times  prior  to  the  reTolution  of  1869  as  the  rightful  sovereign.  He  was  sometimes 
«rraiieoasly  called  the  Tycoon. 

t  A  nm  IB  nearly  one  and  one-fifth  of  an  inch. 
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a  Baddhist  god.  This  appearance,  however,  is  in  no  way  connected 
with  the  pattern  at  the  back,  which  consists  of  a  new  moon  reflected 
in  the  sea ;  the  artistic  balance  of  the  picture  being  maintained  by  a 
rosary  and  a  plnm  tree.  The  hole  in  the  upper  portion  of  the  mirror 
is  probably  for  the  attachment  of  a  silk  cord  to  hang  it  up  by. 
The  supposed  marvellous  character  of  this  mirror  causes  great  reve- 
rence to  be  shown  to  the  god  of  the  temple,  as  it  is  considered  ta 
furnish  an  undoubted  proof  of  his  supernatural  character ;  in  fact,  the 
mirror  receives  nearly  as  much  respect  as  this  Buddhist  deity  himself. 

The  way  in  which  the  optical  effect  has  been  produced  is  said  to  be 
the  same  as  that  described  in  the  KoJcan-i^to,  '^  The  Genealogy  of  the 
Old  and  New  Physicians,"  and  which  is  as  follows : — Take  ten  parts 
of  shio  (gamboge),  one  of  funso,  and  one  of  hosha  (borax).  Powder 
these  thoroughly,  and  mix  them  to  the  consistency  of  a  paste  with  a 
little  dilute  glue.  If  any  pattern  be  drawn  on  the  surface  of  the 
mirror  with  this  paste,  and  then  allowed  to  dry,  the  pattern  will  be 
seen,  even  after  polishing,  if  looked  at  obliquely. 

A  mirror,  in  the  face  of  which  was  seen  the  appearance  of  the 
famous  priest,  Shinran-sho-nin,  who  instituted  the  Shinshia  religion, 
to  which  the  Honguangi  temples  at  Kioto  belong,  was  formerly  in  the 
possession  of  the  Kuge*  Brokujo,  and  was,  to  a  certain  extent,  wor- 
shipped. Wood-cuts  of  this  mirror  were  also  sold  at  this  nobleman's 
house,  aud  were  regarded  as  a  faithful  representation  of  the  priest 
Shinran-sho-nin.  One  of  the  persons  formerly  employed  at  the  Hon- 
gaangi  temples,  Kioto,  tells  us  he  remembers,  some  years  ago,  a 
messenger,  coming  from  Mr.  Rokujo,  asking  that  the  authorities  of 
the  temple  would  give  a  certificate,  stating  that  the  mirror  had  been 
constructed  by  Shinran-sho-nin  himself  for  holy  purposes.  This,  how- 
ever, thoy  declined  to  do,  believing  rather  that  Mr.  Bokujo  had  fabri* 
cated  it  himself  to  obtain  money  on  exhibition.  Mr.  Bokujo,  to  whom 
we  have  applied  on  the  subject,  says,  that  the  old  tradition  in  his 
family  was  that  the  mirror  originally  came  from  Echigo  ;t  also  that,. 
after  the  failure  to  obtain  a  certificate  of  its  sanctity  referred  to  above, 
he  sold  it  to  a  temple  situated  near  Kioto,  from  which,  however,  it 
was  subsequently  removed,  and  that  he  is  quite  unacquainted  with 
its  present  whereabouts. 

A  Tokio;{;  mirror  maker,  however,  tells  us  that  he  has  seen  an  exactl v 
similar  mirror  at  Okasaki-mara,  a  small  village  near  Kioto,  so  perhaps 
this  is  the  present  habitation  of  Mr,  Bokujo 's  old  mirror. 

It  does  not  appear  that  this  chemical  method  of  preparing  the  face 

*  '*  Kugo,"  a  nobleman  formerlj  attached  to  the  Micado's  Court  at  Kioto,  the 
ancient  capital. 

t  Kchigo,  a  proyince  in  the  centre  of  Japan. 

X  "  The  Eastern  Capital,'*  the  name  giren  to  Yedo  sinoe  the  roTolution  of  1669. 
-vrlien  the  Micado  transferred  his  court  there  from  Kioto. 
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has  ever  been  employed  in  Japan  to  alter  a  portion  of  the  surface  in 
snch  a  way  that  this  part  becomes  visiblo  in  the  image  formed  by  re- 
flection, although  invisible  when  looked  at  directly.  A  certain  Tokio 
mirror  maker,  however,  said  that  he  had  employed  the  chemical 
method  for  this  purpose  in  the  following  way : — 

Coat  the  surface  of  the  mirror  with  urushi  (Japanese  varnish),  with 
the  exception  of  the  portion  that  it  is  desired  shall  cast  the  brighter 
reflection,  then  act  on  this  part  with  a  paste  composed  of  equal  parts 
of  sulphur  and  copper  sulphate,  powdered  and  mixed  with  shiro-uviedzu 
(white  plum  acid).     If  this  paste,  after  being  allowed  to  dry  on  the 
mirror,  whicb  takes  about  two  days,  be  rubbed  off,  and  the  mirror  bo 
frequently  polished,  the   pattern  (so  said  this  mirror  maker)  will 
become  invisible  when  looked  at,  but  will  appear  in  the  reflection  of 
the  mirror  thrown  on  to  a  screen.     If  the  above  be  true,  then,  if  a 
pattern  be  drawn  on  the  face  of  the  mirror  with  the  varnish  while  the 
remainder  of  the  face  is  acted  on  chemically,  this  pattern  should,  on 
reflection,  appear  darker  than  the  rest.     We  therefore  instructed  him 
to  prepare  two  mirrors,  and  on  the  face  of  one  to  act  chemically  on  n 
portion  corresponding  with  the  letter  "  C,"  while,  with  respect  to  the 
other,  he  was  to  leave  untouched  only  a  small  part  of  the  face,  corre- 
sponding with  the  letter  "  N.'*     This  he  did ;  after  several  polishings 
of  the  two  mirrors  both  letters  could  be  seen,  either  directly  or  on 
reflection ;  after  many  polishings,  however,  the  letter  **  C*'  disappeared 
for  direct  vision,  but  it  also  disappeared  for  reflection,  and  the  letter 
**  N  "  remained  visible,  either  if  looked  at  very  obliquely,  or  when  a 
bright  light  was  reflected  on  to  a  screen.     In  other  words,  the  attempt 
of  this  mirror  maker  turned  out  a  failure.     He  regards  it  as  resulting 
from  a  loss  of  his  former  skill,  but  we  are  inclined  to  think  that  he 
was  confusing  the  method  with  which  he  was  acquainted  for  making 
an  image  visible  when  the  face  of  the  mirror  is  looked  at  obliquely 
(the  phenomenon  which  is  observed  in  the  mirror  at  Kamakura),  with 
a  method  for  making  the  so-called  magic  mirror,  of  which  ho  has  pro- 
bably no  knowledge.     One  very  interesting  fact,  however,  came  out  in 
this  experiment,  and  that  was  the  mirror  on  which  the  letter  "  C  '*  was 
made,  and  which  did  not  originally  reflect  the  pattern  on  the  back, 
acquired  the  power  to  do  so  after  ten  successive  polishings.     In  fact, 
the  mirror  mak^r  caused  this  mirror  to  acquire  the  so-called  magic 
character,  but  in  a  way  unexpected  by  himself. 

Explanafifynjt : — The  possible  explanations  of  the  phenomenon  shown 
by  certain  Japanese  mirrors  may  be  divided  into  three  classes : — 

1.  The  pattern  might  be  scratched  on  the  face  of  the  min'or  and 
hidden  by  subsequent  polishing. 

2.  The  portion  of  the  face  corresponding  with  the  pattern  might 
have  a  different  molecular  constitution  from  the  metal  forminsr  the 

remainder  of  the  mirror. 

■  ■^"  ^ 

1. 1 
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This  difference  in  molecular  constitution  might  produce  the  re- 
sults : — 

a.  By  causing  the  portion  of  the  face  corresponding  with  the  pattern 
at  the  back  to  attract  more  mercury,  and  so  to  become  capable  of 
being  polished  more  easily ;  or 

b.  By  causing  it  to  be  harder,  and  so  to  acquire  a  better  polish;  or 
0.  By  causing  it  to  polarise  light. 

This  difference  in  molecular  constitution  might  be  produced : — 

a.  By  the  inlaying  of  another  metal ;  or 

b.  By  portions  of  the  surface  being  acted  on  chemically ;  or 

c.  By  unequal  density  produced  by  inequality  in  the  rate  of 
cooling ;  but 

d.  Not  by  stamping,  Japanese  mirrors  being  all  cast. 

3.  The  phenomenon  might  arise  from  the  face  of  the  mirror  having 
intentional  or  accidental  inequalities  on  its  sur&ce,  in  consequence  of 
which,  the  part  corresponding  with  the  pattern  on  the  back  might  be 
relatively  concave,  and  so  concentrate  the  light,  or,  at  any  rate,  might 
disperse  it  less  than  the  remainder  of  the  slightly  convex  mirror. 

The  question  then  resolves  itself  into  considering  to  which  of  these 
three  groups  of  causes  is  the  apparent  reflection  of  the  back  in  some 
Japanese  mirrors  due. 

To  ascertain  this,  we  tried  Sir  David  Brewster's  suggestion  that 
the  light  reflected  by  the  thicker  part  of  the  mirror  was  polarised ; 
but  even  with  a  fairly  good  polariscope,  we  could  detect  no  marked 
difference  between  the  light  reflected  from  the  various  portions  of  the 
surface.  This  failing,  we  availed  ourselves  of  a  very  simple  method 
of  experimenting,  but  one  that  has  apparently  not  suggested  itself  to 
previous  obscrvcra.  On  one  occasion,  when  some  of  our  students 
were  using  lenses  to  endeavour  to  make  the  exhibition  of  the  pheno- 
menon more  striking,  it  occurred  to  us  that  the  employment  of  beams 
of  light  of  different  degrees  of  convergence  or  divergence  would  fur- 
nish a  test  for  deciding  the  cause  of  the  whole  action.  For  while,  if 
the  phenomenon  Avere  due  to  molecalar  differences  in  the  surface,  the 
eflect  would  be  practically  independent  of  the  amount  of  convergence 
of  the  beam  of  light ;  on  the  other  hand,  if  it  were  due  to  portions  of 
the  reflecting  surface  being  less  convex  than  the  remainder,  a  com- 
plete inversion  of  the  plienomenon  might  be  expected  to  occur,  if  the 
experiment,  instead  of  being  tried  in  ordinary  sunlight,  were  made 
under  certain  conditions  in  a  converging  beam — that  is,  the  thicker 
portions  of  the  mirror  might  be  expected  to  appear  darker  instead 
of  brighter  than  the  remainder.  Figs.  1 — 5,  which  are  all  much 
exaggerated  for  the  sake  of  distinctness,  explain  this  l)etter.  MM, 
flg.  1,  represents  an  ordinary  Japanese  slightly  convex  polished  bronxe 
mirror.  SA,  SB,  SC,  are  rays  of  a  parallel  beam  of  light  falling  on 
it,  and  reflected  as  AD,  BE,  OF,  on  to  a  screen  DF ;  then,  if  the  areas 
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AB  and  BC  of  the  mirror  bo  about  equal  to  one  another,  the  amount 
of  light  foiling  on  them  irill  also  be  cqnal ;  and,  since  the  illnntinated 
areas  DE  and  EF  are  about  equal,  they  "ill  be  eqnallj  bright.     But  if 


a  portion  AB  of  the  mirror  be,  for  anj  reaiion,  flatter  than  the  re< 
mainder,  then  the  quantity  of  light  which  falls  on  it,  instead  of  being 
reflected  so  as  to  illuminate  the  area  D£  of  the  ecreen,  wtU  only  illu- 
minate some  snch  area  as  QH.  Now,  this  area  being  Bmaller  than 
EF,  but  receiving  the  same  quantity  of  ligbt,  will  appear  much  brighter 
than  E7 ;  in  addition,  too,  the  spaceH  DG-  and  HE  receive  but  very 

Fig.  S. 


little  light,  and  are  consequently  relatively  dark,  the  excess  of  bright- 
neaa,  therefore,  of  the  area  GH  will  be  apparently  mach  heightened 
by  contrast.  And  exactly  the  same  reasoning  applies  to  fig.  2,  in 
which  the  mirror  ia  illominated  by  a  beam  of  light  divei^ing  from 
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tho  point  S.  Bat  if  we  now  tarn  to  fig.  3,  where  the  light  is  coa- 
verging  to  a  point  behind  the  convez  sarfacc,  and  nearer  to  th«  anr- 
face  than  half  the  mdioH  of  the  mirror,  then,  after  reflectioo,  the  light 
conyergea  to  a  point  0  in  front  of  the  mirror,  and,  as  before,  the  area 
GH  (which  has  become  almost  a  poiut,  G)  is  smaller,  and  therefore 
brighter,  than  the  area  DE,  as  long  ag  the  screen  is  nearer  to  the  mirror 
than  the  point  P,  but  larger,  and  therefore  darker,  than  D'E',  when 
the  screen  is  forther  from  the  mirror  than  P.  In  other  words,  if  the 
phenomenon  of  the  Japanese  mirror  isdae  to  the  cnrvatare  of  different 
parts  of  tho  sur&ce  being  slightl;  different,  then  with  the  arrange- 


ment of  tight  shown  in  fig.  ti,  the  whole  effect  ought  to  ondergo  an 
invertioii  as  the  screen  paases  throngh  P ;  that  ia  to  say,  if  the  parte 
corresponding  with  the  pattern  at  the  back  are  the  flatter,  then,  while 
these  shonld  appear  as  bright  on  a  dark  gronnd  when  the  screen  is  at 
II  positton  DF,  thej  onght  to  appear  ae  dark  on  a  bright  gronnd  when 
the  screen  is  at  a  position  D'F'.  Now  this  is  exactly  what  is  foand  to 
be  the  case  when  tested  experimentally. 

Again,  if  the  phenomenon  is,  as  the  prerioos  experiment  would  lead 
us  to  conclude,  dne  not  to  nneqaal  reSecting  power  of  the  difEerent 
portions  of  tho  sarface  of  the  mirror,  bat  to  minntc  ineqnahtiev  on 
the  snrface,  in  consequence  of  which  there  is  more  scattering  of  the 
rays  of  light  falling  on  one  portion  than  on  another,  then  nnoe  rays  of 
light  making  very  small  angles  with  one  another  do  not  separata  per- 
ceptibly until  they  have  gone  some  diatanoe,  it  follows,  that  if  ike 
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screen  be  held  very  near  to  the  mirror,  the  apparent  reflection  of  tbo 
back,  the  magical  property  in  fact,  onght  to  become  invisible.  And 
this,  also,  is  exactly  what  happens  when  we  make  the  screen  al  most- 
touch  the  polished  sarface. 

We  have,  therefore,  strong  reasons  for  favouring  the  *'  inequality  of 
curvature "  theory.  In  order,  however,  to  make  the  explanation 
quite  certain,  we  have  bad  made  a  small  concavity  and  a  small  con- 
vexity on  the  face  of  one  of  the  mirrors,  by  hammering  with  a  blunt 
tool,  carefully  protected  with  a  soft  cushion  to  avoid  scotching  the 
polished  surface,  and,  as  is  seen  on  trying  the  experimi^nt,  the  con- 
cavity reflects  a  bright  image  and  the  convexity  a  dark  one  when  the 
screen  is  in  the  position  DF,  but  when  the  screen  is  shifted  to  D'F',  it 
is  the  convexity  which  appears  as  the  bright  spot,  and  the  concavity 
as  the  dark  one. 

And  not  only  do  we  think  that  the  thicker  portions  of  the  convex 
mirror  are  flatter  than  the  remainder,  but  the  existence  of  a  focus  for 
a  divergent  pencil  (as  evidenced  by  a  best  position  of  the  screen  in 
flg.  2}  leads  to  the  conclusion  that,  in  some  instances  at  any  rate,  the 
thicker  portion  is  actually  conca/oe^  and  is  found  to  have  a  radius  of 
abont  thzee  to  four  metres. 

In  tbe  acoonnt  of  the  Chinese  Magic  mirror,  given  by  Ou-tseu-hin^ 
at  the  end  of  the  tiurteenth  century,  he  mentions  that  the  wall  or 
screen  on  which  the  shadow  is  cast  should  be  near,  an  instruction 
which  people  have  usually  found  it  necessary  to  follow  in  order  to  see 
the  phenomenon  clearly.  But  this  condition  of  proximity  of  tbe 
screen  to  the  mirror  is  necessary,  simply  because  the  sunlight  falling 
on  the  mirror  neither  forms  a  parallel  beam,  nor  one  diverging  from, 
nor  conTerging  to,  a  single  point,  but  consists,  of  course,  of  an 
euormoiu  number  of  slightly  diverging  beams.  Consequently,  on  any 
nne  point  of  the  nurror  there  fall  rays  of  light,  each  making  a  slightly 
different  angle  with  the  surface.  Now,  as  these,  afber  reflection,  pro- 
<;eed  in  slightly  different  directions,  they  will  illuminate  diflerent 
points  of  the  screen,  and,  therefore,  make  a  well-defined  image  impos- 
sible, unless  the  screen  be  held  near.  If  ordinary  sunlight  then  be 
i.'mployed,  the  screen,  as  previously  explained,  must  be  held  not  so  iienr 
the  mirror  that  the  inequalities  of  the  surface  are  unable  to  produce 
any  decided  displacement  of  the  rays  before  they  strike  the  screen,  • 
And  in  addition,  as  we  now  see,  iu)t  so  far  from  the  mirror  that  the 
different  rays  falling  on  tbe  name  point  are  perceptibly  separated  before 
they  reach  the  screen ;  or,  putting  the  above  conditions  into  more  pre- 
cise mathematical  language,  the  screen  mast  not  be  held  so  near  the 
mirror  that  the  product  of  this  distance  into  the  angle  between  the 
normals  to  two  adjacent  parts  of  tbe  surface  is  too  small,  and  not  so 
far  from  the  mirror  that  the  product  of  this  distance  into  the  angular 
^iiameter  of  the  sun  is  too  large. 
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This  condition,  however,  ot  proximitj'  of  the  screen  to  the  minvi' 
ceases  to  have  any  weight,  and  the  pheDomenon  c»n  be  shown  to  a 
large  audience  by  projecting  it  on  a  distant  wall  if  one  or  other  of  tiie- 
following  devices  be  adopted  : — 

1.  Allow  the  ennlight  to  first  pass  throogh  a  small  hole,  so  that  alT 
the  rays  falling  on  the  same  point  of  the  snrface  of  the  mirror  make 
the  same  angle  with  the  anrface. 

2.  Obtain  the  same  resalt  thus : — first  let  the  snnlight  fall  on  a 
convex  lens  or  on  a  concave  mirror  which  brings  it  to  a  focns,  and 
afterwards  causes  it  to  diverge  from  a  single  point,  then  hold  the- 
JapaneBe  mirror  in  the  diverging  hetaa  at  abont  eight  or  more  feet 
from  the  principal  focns  of  the  lens  or  anxiliary  concave  mirror. 

S.  Dlnminate  the  mirror  with  light  diverging  from  a  single  bright 
point  at  some  distance,  as,  for  example,  ftom.  an  electric  light  at  the- 
iither  end  of  the  room,  the  screen,  of  course,  being  shaded  from  the- 
direct  light  of  the  lamp. 


4.  Allow  the  snn's  rayB  to  fall  on  the  nearly  plane  Japanese  mirror 
MM,  and  after  rellection  let  them  pass  through  a  oonvei^ing  lena  so 
adjusted  that  the  screen  RR,  fig.  4,  is  beyond  the  principal  focns,  P,  of 
the  mirror  and  len^  combined,  and  also  beyond  JJ,  the  conjagata  focna 
of  the  mirror,  that  is  the  place  at  which  the  image  of  the  Japanese 
mirror  is  formed  by  the  lens. 

The  last  method  canses  the  efiect  to  be  better  than  that  obtained 
with  ordinary  snnlight  alone,  becauHe  the  insertion  of  the  lens 
separates  the  rays  failing  on  different  points  of  the  Japanese  mirror 
more  than  it  separates  those  which,  coming  from  different  points  of 
the  sun,  are  reflected  in  different  directions  by  the  same  small  portion 
of  the  Japanese  mirror.  In  fact,  the  employment  of  the  lena  coireota, 
to  a  certain  extent,  the  blnrring  of  the  image  produced  by  the  sun 
not  being  a  single  luminous  point.    Number  4  method  also  e 
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the  light  best,  wid  if  the  soreen  is  diBtant,  may  be  employed  to  pro- 
dnce  a  large  figure  of  the  pattern  on  the  back  of  the  mirror,  but  the 
result  is  not  nearly  as  beantifal  as  that  obtained  by  either  of  the 
former  three  methods,  the  first  two  in  particular  of  which,  if  the 
mirror  is  placed  in  a  darkened  room,  at  abont  fonrteen  feet  distance 
from  the  Inminoas  point  produced  by  a  tropical  san,  canse  the  reflec- 
tion on  the  wall  to  assame  an  appearance  startling  even  to  an  educated 
mind,  and  which  might  well  have  brought  to  the  feet  of  the  magician 
the  ignonuit  poor  of  the  middle  ages. 

Beferring  to  the  arrangement  of  mirror  and  lens  shown  in  fig.  4, 
and  remembering  the  reasoning  employed  in  the  case  of  figs.  1 ,  2,  and 
3,  we  shonld  conclude  that  if  a  portion,  A6,  of  the  mirror  is  more- 
concave  than  the  rest,  this  portion  ought  to  appear  as  bright  on  a 
dark  groond  if  the  screen  be  held  in  the  positions  I,  2,  or  4,  since,  in 
all  these,  DE  is  less  than  CD  or  EF,  but  if  it  be  held  at  any  point,  S 
in  the  region  between  the  principal  focus  P  and  JJ,  then,  since  hero 
DE  is  greater  than  CD  or  EF,  the  concave  portion  ought  to  appear  as 
da^  on  a  relatively  light  groand,  while  at  JJ,  the  image  being 
uniformly  illuDiinated,  the  nppoarftncc  of  the  pnltem  ought  to  dis- 
appear altogether.  We  should  expect,  then,  that  the  passage  of  the 
screen,  either  throug^h  P  or  through  JJ,  ought  to  produce  an  inversion 
of  the  phenomenon  if  the  theory  that  we  are  here  advocating  of  the- 
Japanes 


Again,  imagine  the  lens  LL  to  gradually  move  up  to  the  mirroi'- 
nntil  it  attains  a  very  near  position,  as  in  fig,  6,  then  an  inspection  of 
the  direction  of  the  rays  shows  that  any  concave  part,  AB,  of  the 
mirror  must  appear  on  the  screen  as  light  on  a  dark  ground  for  all 
points  between  the  lens  and  the  principal  focus  P,  but  that  it  will  be 
seen  as  d^k  on  a  relatively  light  ground  for  all  positions  of  the  screen- 
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in  the  region  beyond  P.  On  arranging  the  light  as  in  fig.  4,  and 
placing  the  screen  successively  in  the  positions  1,  2,  .39  JJ»  uid  4, 
.afterwards  moving  the  lens  np  to  the  Japanese  mirror,  until  the 
distance  between  it  and  the  mirror  was  less  than  the  focal  length  of 
the  lens,  we  found  that  the  experiments  bore  out,  in  every  detail, 
the  results  that  must  follow  from  the  '^  inequality  of  curvature 
theory." 

Retaming  now  to  fig.  3,  in  which  it  was  first  shown  that  a  con- 
verging beam  produced  an  inversion  of  the  phenomenon,  we  find  it 
impossible  to  obtain  a  distinct  dark  image  of  the  pattern  on  a  light 
ground  by  the  employment  of  one  converging  lens  only.  This  is 
partly  due  to  the  fact  that  here  we  are  dealing  with  diverging  pencils 
of  light  falling  on  the  screen,  so  that  no  true  image  of  the  pattern  is 
formed ;  and  partly  caused  by  the  blurring  effect  arising  from  a  beam  of 
sunlight,  consisting  of  a  number  of  slightly  diverging  pencils.  This 
latter  may  be,  to  a  certain  extent,  corrected,  either  by  allowing  a  very 
small  beam  of  sunlight  to  fall  on  the  single  converging  lens,  or  by 
'  causing  the  sunlight  to  be  brought  first  to  a  focus  by  one  lens,  and 
then  with  a  second  lens  at  several  feet  distance,  forming  another  con- 
vergent pencil  of  light,  in  which  the  convergent  mirror  is  placed. 

Guided  by  all  that  proceeds,  wo  are  led  to  the  undoubted  oonclosion, 
that  the  third  of  the  proposed  explanations  is  the  correct  one,  namely, 
that  the  whole  action  of  the  magic  mirror  arises  from  the  thicker 
portions  being  flatter  than  the  i*emaining  convex  surface,  and  even 
being  sometimes  actually  concave. 

The  next  question  arises,  why  is  there  this  difference  in  the  curvature 
of  the  different  portions  of  the  surface  ?  The  experience  that  one 
gains  from  an  examination  of  a  large  number  of  Japanese  mirrors 
supplies,  in  part  at  any  rate,  the  answer  to  the  question.  No  thick 
mirror  reflects  the  pai^rn  on  the  back,  not  one  of  the  many  beautifol 
mirrors  exhibited  at  the  National  Exhibition  of  Japan  in  1877,  and 
which  we  were  so  fortunate  as  to  be  able  to  experiment  with  in  a 
darkened  room  with  a  bright  luminous  point  at  some  twelve  feet  dis- 
tance, shows  the  phenomenon  in  the  slightest  degree;  some  good  old 
mirrors  in  the  museum  of  the  Imperial  College  of  Engineering,  and 
which  belonged  to  the  family  of  the  late  Emperor,  the  Shogun,  of 
Japan,  fail  to  reflect  any  trace  of  a  design,  and  some  old  round  mirrors 
without  handles,  which  we  have  also  tried,  are,  with  the  exception  of 
one  about  six  inches  in  radias,  and  for  which  the  owner  asked  many 
pounds,  equally  unsuccessful.  Now  this  in  itself,  independently  of  the 
•  erroneons  idea  regarding  stamping,  is  almost  sufficient  to  negative  Mr. 
Prinscp's  idea  *'  that  part  of  the  metal  was  by  this  stamping  rendered 
in  a  degree  harder  than  the  rest,  so  that  in  polishing  it  was  not  wc»n 
away  to  the  same  extent."  Again,  it  is  not  that  the  pattern  is  less 
clearly  executed  on  the  backs  of  these  choice  mirrors,  since  the  better 
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the  mirror  the  finer  and  bolder  is  the  pattern,  but  what  is  especially 
noticeable  is  that  every  one  of  these  mirrors  is  as  a  whole  far  thickei* 
than  an  ordinary  Japanese  mirror,  and  its  surface  is  much  less  convex. 
This  naturally  led  us  to  inquire,  how  are  Japanese  mirrors  made  cod- 
vox  ?  are  they  cast  so,  or  do  they  acquire  this  shape  from  some  subse- 
quent process  ?  In  the  article  **  Miroirs  "  in  "  Les  Industries  Anciennes 
et  Modemes  de  I'Empire  Chinois,"  nothing  is  said  on  this  point,  and 
the  paper  communicated  by  M.  Julian  on  the  Chinese  Magic  Mirror  to 
the  French  Academy,  is  equally  silent  on  this  subject.  Professor 
Pepper  says,  '*  Are  the  mirrors  cast  in  a  double  mould  one  side  of 
which  is  in  intaglio  and  one  side  in  relievo  f  but  has  no  information 
by  which  he  can  answer  this  question.  We  also  were  quite  unable  to 
gain  any  assistance  from  foreign  or  from  Japanese  books  or  manu- 
scripts regarding  the  method  by  which  the  convexity  observed  in 
almost  all  Japanese  mirrors  is  produced,  and  were  consequently  com- 
pelled to  make  inquiries  ourselves  among  mirror  makers.  Now  although 
«hops  where  mirrors  are  sold  are  common  enough  in  Tokio,  workshops 
where  they  are  made  are  very  difficult  to  find.  A  workshop  was  said 
to  exist  at  Oji,  but  after  a  long  search  in  this  suburb  of  Tokio  we 
found  only  one  old  woman  and  a  little  mercury  amalgam  in  a  small 
hovel  about  six  feet  by  four,  as  the  representative  of  the  mirror  in- 
dustry. As  women  are  supposed  to  know  nothing  in  Japan,  it  was 
useless  to  make  inquiries  of  her :  another  search  made  on  a  subsequent 
occasion  in  a  different  direction  only  elicited  the  information  that  mirrora 
were  not  made  at  that  time  of  the  yeai*,  as  the  moulds  were  frost- 
bitten. Mirror-sellers,  mirror-polishers  we  could  find,  but  nobody  in 
Tokio  seemed  to  cast  mirrors.  We  have  since  found  out  that  this  is 
really  the  case,  since  all  the  common  mirrors  come  from  the  ancient 
capital  Kioto,  about  400  miles  to  the  south  of  Tokio,  and  it  is  only 
when  some  special  order  is  given  that  mirrors  are  made  in  the  capital. 
However,  at  last  we  lighted  on  some  mirror  makers  and  sellers  com- 
bined, from  whom  Mr.  Kawaguchi  (one  of  the  assistants  to  the  Pro- 
fessor of  Natural  Philosophy  at  our  College),  in  the  course  of  many 
-conversations,  extracted  much  valuable  information.  As  a  large  por- 
tion of  this  is  not  to  be  found,  as  far  as  we  aware,  in  any  books,  and 
as  it  bears  upon  the  explanation  of  the  magic  mirror  given  in  this 
paper,  it  naturally  finds  a  place  here. 

Composition  used  in  Making  Mirrors, — In  regard  to  the  composition 
of  the  mirrors  the  following  seems  to  be  the  metal-mixture  employed 
in  Tokio: — 

Mirrors  of  First  Quality. 

Copper 75*2  parts. 

Tin 22-6       „ 

lyo  shirome 2*2       ,. 
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Mirrors  of  Second  Quality, 

Copper 81*3  parts. 

Tin 16-3 

Ijo  shirome 2'4 
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Mirrors  of  Third  QitalHy. 

Copper 870  parts. 

Tin 87      „ 

lyo  shirome 4*3       „ 

Mirrors  of  Fourth  Quality, 

Copper 81'3  parts. 

Tori  shirome 16*3      „ 

Ijo  shirome 2*4      „ 

Mirrors  of  Fifth  Quality. 

Copper 71*5  parts. 

Tori  shirome 28*5       „ 

lyo  shirome  is  the  name  given  to  a  natural  snlphide  of  lead  and  an- 
timony taken  out  of  the  impurities  of  the  lead  ore  from  the  mines  of 
the  province  lyo,  in  the  island  Shikoku.  Tori  shirome  is  a  shirome 
containing  an  admixture  of  copper.  In  vol.  iy  of  the  '*  Transactions 
of  the  Asiatic  Society  of  Japan,"  Dr.  Geerts  gives  the  metal-mixture 
employed  in  one  of  the  largest  mirror  foundries  in  Kioto  as  follows  :— 

Mirrors  of  First  Quality, 

Lead 5  parts. 

Tin   15      „ 

Copper 80      „ 

Mirrors  of  Inferior  Quality, 

Lead 10  parts. 

Shirome    10       „ 

Copper 80       „ 

MM.  Champion  and  Pellet  give  as  the  result  of  their  analysis  of  the 
material  of  Chinese  mirrors : — 

Copper 50*8  parts. 

Tin 16*5       „ 

Zinc 30*5       „ 

Lead 2*2       „ 

One  of  the  chief  of  the  Tokio  mirror  makers  tells  us  he  never  pats 
ordinary  lead  into  the  mixture,  since  he  finds  this  makes  the  face  of 
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the  mirror  very  difficalt  to  be  amaJgaznated ;  also  that,  in  casting,  th^ 
lead  comes  to  the  surface  and  spoils  the  mixtare.  Zinc  he  also  finds 
has  the  same  effect.  Bnt  as  a  small  amonnt  of  lead  is  required  to  be 
inserted  in  the  composition  to  prevent  the  metal  from  becoming  too 
brittle,  the  shirome  or  sulphide  of  lead  and  antimony  is  employed. 
The  chief  soorces  of  this  shirome  arranged  in  order  of  merit  are  the 
provinces  in  the  south  of  Japan,  called — 

1.  lyo,  in  the  island  Skikoku, 

2.  Shekishu, 

3.  Choshu, 

4.  Tosa,  in  the  island  Shikoku, 

but  the  shirome  coming  from  the  last  province,  Tosa,  cannot  be  used 
for  mirrors,  as  it  contains  too  much  lead. 

The  mirrors  of  the  first  quality  are  only  manufactured  on  receipt  of 
a  special  order,  and  new  mirrors  of  even  the  second  and  third  qualities 
are  rarely  found  ready  made.  The  ordinary  stock  of  the  shops  con- 
sistB  of  mirrors  of  the  fourth  quality,  in  which  there  is  no  tin.  The 
abeence  of  both  tin  and  the  lyo  shirome  in  the  composition  of  the 
fifth  quality  is  found  to  make  the  mirrors  give  a  pale  reflection,  from 
the  difficulty  of  amalgamation,  and  so  the  fifth  composition  is  not 
often  used. 

The  composition  for  the  common  mirrors  is  made  at  the  copper  mines 
and  forwarded  to  the  various  mirror  foundries.  Formerly  the  metal 
for  mirrors  was  extensively  prepared  at  Kioto,  but  the  trade  is  dying 
out  now,  and  is  said  to  have  been  slowly  diminishing  for  the  last 
hundred  and  thirty  years,  at  the  commencement  of  which  period  it 
had  reached  its  maximum. 

Moulds  for  Mirrors. — The  most  striking  feature  of  the  moulds  is  that 
tchile  pracHcally  aU  Japanese  mirrors  are  convex,  the  surface  of  eacli  half 
of  tlie  mould  is  quite  flai.  The  material  used  for  making  the  mould  is  a 
mixture  of  a  special  kind  of  clay  (found  near  Toldo  and  Osaka)  with 
water  and  straw-ash.  Two  suitable  slabs  having  been  formed  from 
this  plastic  compound  with  the  aid  of  wooden  frames,  a  thick  layer  of 
half  liquid  mixture  of  powdered  old  crucibles,  or  of  a  fine  powder 
called  to-nO'ko,  made  from  a  soft  kind  of  whetstone,  is  spread  on  them. 
The  design  for  the  back  of  the  mirror  is  then  cut  directly  on  one  half 
of  the  mould,  or  a  sketch  drawn  on  paper  is  first  stuck  on  and  used  as 
a  guide  in  cutting  the  design  in  the  clay.  Sometimes,  but  rarely,  the 
design  is  stamped  in  the  clay  with  a  pattern  wood-block  cut  in  relief 
like  the  proposed  back  of  the  ipirror.  After  the  design  is  complete  a 
rim  of  the  same  material  as  that  used  in  the  construction  of  the  mould, 
and  having  a  thickness  equal  to  that  desired  for  the  mirror,  is  attached 
to  one  half  of  the  mould.  The  two  halves  are  then  dried  in  the  smoke 
of  a  pine  tree  fire,  pressed  and  tied  together,  a  ad  laid  in  the  casting 
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box  at  an  angle  of  80''  witli  tlie  horizon,  the  half  of  the  monld  on 
which  the  design  has  been  cut  being  uppermost.  Finally,  the  molten 
speculum  metal  is  run  into  a  number  of  mould.s  at  the  same  time, 
which,  when  cold,  are  broken  up  and  the  castings  removed. 

Mirrors  cast  in  a  mould,  in  which  the  design  has  been  cut  by  band^ 
are  called  ichi  mai  huki,  '*  mould  used  once,*'  and  are  regarded  a» 
"  artists'  proofs,"  as  the  design  on  the  back  is  well  defined.  To  form 
subsequent  moulds  the  two  halves  are  pressed,  when  the  clay  is  wet, 
on  an  ichi  max  buki  mirror,  and  the  pattern  is  this  way  transferred, 
but  the  designs  on  the  backs  of  the  mirrors  cast  in  such  moulds  are 
not  as  clear  as  on  an  ichi  mai  buki  mirror,  which  therefora  sells  for  a 
much  higher  price. 

Curving  the  Surface. — The  rough  mirror  is  first  scraped  approxi- 
mately smooth  with  a  hand-scraping  tool,  and  as  this  would  remove 
any  small  amount  of  convexity,  had  such  been  imparted  to  it  in  cast- 
ing, it  is  useless  to  make  the  mould  slightly  convex.  If,  however,  a 
convex  or  concave  mirror  of  small  radius  is  required,  then  the  surface 
of  the  mould  is  made  concave  or  convex.  On  the  other  hand,  to  pro- 
duce the  small  amount  of  convexity  which  is  possessed  by  ordinary 
Japanese  mirrors  the  following  method  is  employed,  if  the  mirror  is 
thin,  audit  is  with  thin  mirrors  we  have  especially  to  deal,  since  it  is 
only  in  these  mirrors  that  the  apparent  reflection  of  the  back  is 
observed.  The  mirror  is  placed  face  uppermost  flat  on  a  wooden 
board,  and  then  scraped  or  rather  scratched  with  a  rounded  iron  rod 
about  half  an  inch  in  diameter  and  a  foot  long,  called  a  megeho,  *^  dis- 
torting rod,"  so  that  a  series  of  parallel  scratches  is  produced,  which 
causes  the  face  of  the  mirror  to  become  convex  in  the  direction  at 
right  angles  to  the  scratches,  but  to  remain  straight  parallel  to  the 
scratches,  in  fact  it  becomes  very  slightly  cylindrical,  the  axis  of  the 
cylinder  being  parallel  to  the  scratches.  This  effect  is  very  clearly 
seen  by  applying  a  straight-edge  in  different  ways  to  the  face  of  an 
unpolished  miiTor  which  has  received  a  single  set  of  scratches  only.  A 
series  of  scratches  is  next  made  with  the  megebo  in  a  direction  of  right 
angles  to  the  former,  a  third  set  intermediate  between  the  two  former, 
and  so  on,  the  mirror  each  time  becoming  slightly  cylindrical,  the  axis 
of  the  cylinder  in  each  case  being  parallel  to  the  line  of  scratches,  so 
that  eventually  the  mirror  becomes  generally  convex.  Some  work- 
men prefer  to  make  the  scratches  with  the  mcgeho  in  the  form  of  small 
spirals,  others  in  the  fdrm  of  large  spirals,  but  the  general  principle  of 
the  method  employed  with  their  mirroi's  appears  to  be  always  the 
same, — the  face  of  the  mirror  is  scratched  with  a  blunted  piece  of 
iron,  and  becomes  slightly  convex,  the  back,  therefore,  becoming 
concave. 

After  the  operation  with  the  '*  distorting  rod  "  the  mirror  is  very 
slightly  scraped  with  a  hand-scraping  tool  to  remove  the  scratches 
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and  to  cause  the  face  to  present  a  smooth  surface  for  the  subsequent 
polishing. 

In  the  case  of  thick  mirrors  the  convexity  is  first  made  by  cutting 
with  a  knife,  and  the  **  distorting  rod  "  applied  afterwards.  But  in 
connection  with  this  cutting  process  of  thick  mirrors  there  is  one 
very  interesting  point.  If  the  maker  finds  on  applying  from  time  to 
time  the  face  of  the  mirror  to  a  hard  clay  concaye  pattern,  and  turn- 
ing it  round  under  a  little  pressure,  that  a  portion  of  the  surface  has 
not  been  in  contact  with  the  pattern,  in  other  words,  that  he  has  cut 
away  this  portion  too  much,  then  he  rubs  this  spot  round  and  round 
with  the  megebo  until  he  has  restored  the  required  degree  of  convexity. 
Here  again  then  scratching  on  the  surfisice  produces  convexity. 

Now,  why  does  the  scraping  of  the  "  distorting  rod  "  across  the  face 
of  the  mirror  leave  it  convex?  During  the  operation  it  is  visibly 
concave.  The  metal  must  receive  then  a  kind  of  *'  buckle,"  and  spring 
back  again  so  as  to  become  convex  when  the  pressure  of  the  rod  is 
removed.  It  might  in  such  a  case  reasonably  be  expected  that  the 
thicker  parts  of  the  mirror  would  yield  less  to  the  pressure  of  the  rod 
than  the  thinner,  and  so  would  be  made  less  convex,  or  even  they  might 
not  spring  back,  on  the  withdrawal  of  the  rod,  and  so  remain  actually 
concave.  Again,  since  we  find  that  scraping  the  face  of  a  mirror  is 
the  way  in  which  it  is  made  convex,  and  the  back  therefore  concave^ 
we  might  conclude  that  a  deep  scratch  on  the  back  would  make  the 
back  convex  and  the  face  slightly  concave.  Such  a  concavity,  as  we 
have  proved,  would  explain  the  phenomenon  of  the  bright  line  appear- 
ing in  the  reflection  of  sunlight  on  the  screen  which  was  observed  by 
Professor  Atkinson  to  correspond  with  the  scratch  on  the  back. 

It  appears  then  that  the  magic  of  the  Eastern  mirror  results  from 
no  subtle  trick  on  the  part  of  the  maker,  from  no  inlaying  of  other 
metals,  or  hardening  of  portions  by  stamping,  but  merely  arises  from 
the  natural  property  possessed  by  thin  bronze  of  buckling  under  a 
bending  stress,  so  as  to  remain  strained  in  the  opposite  direction 
after  the  stress  is  removed.  And  this  stress  is  applied  partly  by  the 
**  distorting  rod,"  and  partly  by  the  subsequent  polishing,  which,  in  an 
exactly  similar  way,  tends  to  make  the  thinner  parts  more  convex  than 
the  thicker. 

Polishing. — After  the  scratches  produced  by  the  megebo  are  removed 
the  mirror  is  first  polished  with  a  whetstone  called  either  lyodo, 
'*  whetstone  from  the  province  of  lyo,"  or  shiroto,  "  white  whetstone.*' 
Afterwards  a  whetstone  called  tenshimado,  *' whetstone  from  the  pro- 
vince Tsushima,"  or  the  powder  to-no-ko,  previously  described,  is  used. 
Thirdly,  a  piece  of  charcoal,  prepared  from  the  ho  tree  {Magnolia 
hypoleuea)  is  rubbed  over  the  surface.  The  face  now  becomes  fairly 
smooth,,  but  it  still  generally  contains  some  few  cavities ;  these  the 
maker  fills  up  from  a  stock  of  copper  balls  of  various  me^  ^\ac3[i\i^ 
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has  at  hand,  and  which  are  obtained  from  the  cinders  of  a  oopper- 
fomace.  The  cavities  when  thas  filled  np  are  well  rubbed  so  as  to 
escape  notice,  but  thej  may  usaally  be  detected  by  looking  at  the 
mirror  obliquely. 

It  was  perhaps  the  presence  of  these  bits  of  copper  in  the  mirror 
which  Ou-tseu-hing  saw  broken  up  in  the  13th  century,  that  misled 
him  into  concluding  that  the  phenomenon  of  the  magic  mirror  was 
produced  by  the  inlaying  of  denser  copper  in  a  portion  of  the  face 
•exactly  corresponding  with  the  design  on  the  back. 

When  the  face  of  the  mirror  has  been  made  quite  smooth,  an 
lamalgam  consisting,  according  to  the  Tokio  makers,  of  half  tin  and 
half  mercury,  with  perhaps  a  trace  of  lead,  or  of 

Tin  69*36  per  cent., 

Mercury  30  „ 

Lead         064       „ 

according  to  the  analysb  of  MM.  Champion  and  Pellet  (^'  Industries 
de  I'Empire  Ghinois")  is  rubbed  over  the  surface  with  a  stiff  straw 
brush  or  with  the  hand.  The  mirror  is  finally  wiped  clean  with  a  soft 
kind  of  paper,  mino-gami,  '*  paper  from  the  province  Mino,"  which  is  con- 
sidered to  scratch  the  surface  less  than  silk.  Leather  was  formerly 
never  employed  in  polishing,  as  it  would  have  been  considered  im- 
pious to  pollute  so  holy  a  thing  as  a  mirror  by  touching  it  with 
the  skin  of  an  animal;  for  under  the  old  feudal  system  in  Japan, 
workers  in  skins,  saddlers,  and  others,  belonged  to  the  Eta  or  pariah  < 
class. 

When  mirrors  possessed  by  private  people  require  brightening  up, 
in  consequence  of  the  surface  tarnishing,  the  paste  produced  when 
razors  are  sharpened  on  a  hone  is  usually  rubbed  over  the  face  of  the 
mirror. 


III.  '*Oii  tlic  Torsional  Strain  which  remains  in  a  Glass  Fibre 
after  lelcase  from  Twisting  Stress.''  By  J.  HOPKINSOX, 
D.Sc,  F.R.S.     Received  October  4,  1878. 

It  has  long  been  kuo^v^  that  if  a  wire  of  metal  or  fibre  of  glass  be 
for  a  time  twisted,  and  be  then  released,  it  will  not  at  once  return  to 
its  initial  position,  but  will  exhibit  a  gradually  decreasing  torsion  in 
the  direction  of  the  impressed  twist.  The  subject  has  undergone  a 
good  deal  of  investigation,  especially  in  Germany.  The  best  method 
of  approximating  to  an  expression  of  the  facts  has  been  given  by 
Boltzmann  ("Akad.  dor  Wissensch.  Wien,"  1874).  He  rests  his 
theory  upon  the  assumption  that  a  stress  acting  for  a  short  time  will 
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lea^e  after  it  has  ceased  a  strain  which  decreases  in  amonnt  as  time 

elapses,  and  that  the  principle  of  superposition  is  applicable  to  these 

strains,  that  is  to  say,  that  we  maj  add  the  after-effects  of  stresses, 

whether  simnltaneons  or  snccessiye.     Boltzmann  also  finds  that,  if 

0(i)T  be  the  strain  at  time  t  resulting  from  a  twist  lasting  a  very  short 

A 
timer,  at  time  ^=0,  0(^)=— ,  where  A  is  constant  for  moderate  values 

of  t,  but  decreases  when  t  is  very  large  or  very  small.  A  year  ago  I 
made  a  few  experiments  on  a  glass  fibre  which  showed  a  deviation 
from  Boltzmann's  law.  A  paper  on  this  subject  by  Kohlrausch  (*'  Fogg. 
Ann.,"  1876)  suggested  using  the  results  of  these  experiments  to  exa- 
mine how  Boltzmann's  law  must  be  modified  to  express  them.  Pro- 
fessor Kohlrausch 's  results  indicate  that  in  the  cases  of  silver  wire  and 
of  fibre  of  caoutchouc  Boltzmann's  principle  of  superposition  is  only 
approximate,  and  that  in  the  case  of  a  short  duration  of  twisting 

0  (t)  =— ,  where  a  is  less  than  unity ;   in  case  of  a  long  duration  of 

twisting  he  uses  other  formulsB,  which  pretty  successfully  express  his 
results,  owing  in  part  no  doubt  to  the  fact  that  in  most  cases  each 
determination  of  the  constants  applies  only  to  the  results  of  one  dura- 
tion of  twisting.  In  a  case  like  the  present  it  appears  best  to  adopt  a 
simple  fprm  involving  constants  for  the  material  only,  and  then  see  in 
what  way  it  fails  to  express  the  varying  conditions  of  experiment.  In 
1865  Sir  W.  Thomson  published  ("  Proceedings  of  the  Royal  Society '') 
the  results  of  some  experiments  on  the  viscosity  of  metals,  the  method 
being  to  determine  the  rate  at  which  the  amplitude  of  torsional  vibra- 
tions subsided.  One  of  the  results  was  that  if  the  wire  were  kept 
vibrating  for  some  time  it  exhibited  much  greater  viscosity  than  when 
it  had  long  been  quiescent.  This  should  guard  us  from  expecting  to 
attain  great  uniformity  in  experiments  so  roughly  conducted  as  those 
of  the  present  paper. 

2.  The  glass  fibre  examined  was  about  20  inches  in  length.  Its 
diameter,  which  might  vary  somewhat  from  point  to  point,  was 
not  measured.  The  glass  from  which  it  was  drawn  was  composed 
of  silica,  soda,  and  lime;  in  fact,  was  glass  No.  1  of  my  paper  on 
'* Residual  Charge  of  the  Leyden  Jar"  ("Phil.  Trans.,"  1877. 
In  all  cases  the  twist  given  was  one  complete  revolution.  The  de- 
flection at  any  time  was  determined  by  the  position  on  a  scale  of  the 
image  of  a  wire  before  a  lamp,  formed  by  reflection  from  a  light  con- 
cave mirror,  as  in  SirW.  Thomson's  galvanometers  and  quadrant  elec- 
trometer. The  extremities  of  the  fibre  were  held  in  clamps  of  cork ; 
in  the  first  attempts  the  upper  clamp  was  not  disturbed  during  the 
experiment,  and  the  upper  extremity  of  the  fibre  was  assumed  to  be 
fixed ;  the  mirror  also  was  attached  to  the  lower  clamp.  This  arrange- 
ment was  onaatisfactory,  as  one  could  not  be  certain  that  a  part  of  the 

TOL.  ixna.  ^ 
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observed  after-effect  ^as  not  due  to  the  fibre  twisting  within  the 
clamps  and  then  sticking.  The  difficnltj  was  easily  avoided  hj  em- 
plojing  two  mirrors,  each  cemented  at  a  single  point  to  the  glass  fibre 
itself,  one  jast  below  the  npper  clamp,  the  other  just  above  the  lower 
clamp.  The  npper  mirror  merely  served  by  means  of  a  snbeidiary 
lamp  and  scale  to  bring  back  the  part  of  the  fibre  to  which  it  was 
attached  to  its  initial  position.  The  motion  of  the  lower  clamp  was 
damped  by  attaching  to  it  a  vane  dipping  into  a  vessel  of  'oil.  The 
temperature  of  the  room  when  the  experiments  were  tried  ranged  from 
13^  G.  to  13*8°  C,  and  for  the  present  purpose  may  be  regarded  as 
constant.  The  lower  or  reading  scale  had  forty  divisions  to  the  inch, 
and  was  distant  from  the  glass  fibre  and  mirror  38f  inches,  excepting 
in  Experiment  V,  when  it  was  at  37^  inches.  Sufficient  time  elapsed  . 
between  the  experiments  to  allow  all  sign  of  change  due  to  after-effect 
of  torsion  to  disappear.  In  all  cases  the  first  line  of  the  table  g^ves 
tlie  time  in  minutes  from  release  from  torsion,  the  second  the  deflection 
of  the  image  from  its  initial  position  in  scal^  divisions. 

Experiment  I. — The  twisting  lasted  1  minute. 

t 1      2     3    4     5     7    10    17    25 

Scale  divisions . .     22     13    9     7     5^    4     3      2       1 

Experiment  11. — The  twisting  lasted  2  minutes. 

t 1      2      3      4      5      7     10    20    40 

Scale  divisions. .     38    25    18    15    13    10     8     4J    3^ 

Experiment  III. — Twisted  for  5  minutes. 

/  12       3        4       5        7 

Scale  divisions 64    51    41 1    35^    32    26 J 

10     15    22    58    15 

Scale  divisions 21^     17    14     7      2 

Experiment  IV. — Twisted  for  10  minutes. 

t i       1       2      3       4        7      10 

Scale  divisions  ... .      106     85     m     57    49|    37|     SI 

/ 15      25     45     120    170 

Scale  divisions 24^    18     13       7        6 

Experiment  V. — Twisted  for  20  minutes. 

t 1       2      3      4       5       7     10 

Scale  divisions    ....     110    89     75    68    61*    52    44 

t 15      25     40    60     80     100 

Scale  divisions 35^    26^    21     18    13^    12^ 
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Expeiiment  VI. — Twisted  for  121  minutes. 

t    i        1        2        3         4  5  7 

Scale  divisions .     191    170    148    136    126^    119^    108^ 

t   10     15      30      65     90    120    689 

Scale  divisions .     97    84^    63^    41^    34     28      3^ 

It  should  be  mentioned  that  the  operation  of  patting  on  the  twis 
nd  of  releasing  each   occapied  about  two   seconds,    and  was  per* 
>rmed  half  in  the  second  before   the   epoch  ^  =  0,  and  half  in  the 
3Cond  after  or  as  nearly  so  as  could  be  managed.     The  time  was 
iken  by  ear  from  a  clock  beating  seconds  very  distinctly. 

3.  The  first  point  to  be  ascertained  from  these  resalis  is  whether  or 
ot  the  principle  of  superposition,  assumed  by  Boltzmann,  holds  for 
>rsions  of  the  magnitude  here  used. 

If  the  fibre  be  twisted  for  time  T  through  angle  X,  then  the  torsion 
t  time  t  after  release  will  be  X  {^  (T  +  /)— ^  (t)}  where 

If  now  T  =  ^i  +  t,-f^+  ...we  may  express  the  effect  of  one 
>ng  twist  in  terms  of  several  shorter  twists  by  simply  noticing  that 

{Yr(0-^(*-hT)}=X[{Yr(0~^0+<i)}  +  {V^(<  +  ^)-V^O+<i-l-^)} 
+  {Yr(^+<i-l-<2)-V^(^+/i-l-/2+^)}-h,&c.] 

ipply  this  to  the  preceding  results,  calculating  each  experment  from 

predecessor.      Let  xt  be  the  value  of  Yr  (T+^—Y^  (0»  t^*^  is, 

torsion  at  time  /,  when  free,  divided  by  the  impressed  twist 

Bured  in  same  unit ;  we  obtain  the  following  five  tables  of  com- 

K>n. 

Results  for  T=2  compared  with  those  from  T=l. 

t  12        3        4        5        7 

(Observed....     0-00195    128    092     077    0(56    051 
calculated...     000199     112    082    064    051     040 


t 

10 

20      40 

observed. .  . . 

041 

023    018 

^culated  . . 

029 

016 

ults  for  T=5  compared  with  those  from  T=:2  and  T=l. 

t  1            2        3        4        5        7       10 

served....  000328    262     212     182     164    136    110 

culated. ..  000323     233     181     156     136    108     193 

t  15      22      58      151 

^rved....  087    072    036    010 

olated. . .  066    047 
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Results  for  T=10  compared  with  those  from  T=6. 

/  i  1        2        3        4        7       10 

«/ observed....  000544    435    338    292    263    192    159 
a;/ calculated. . .  ..         469    398    839    300    236    197 

t  15      25      45     120    170 

«/ observed. .. .  125     092     067    036    031 

xt  calculated.  . .  161     130    088 

Results  for  T=20  compared  with  those  from  T=10. 

i  1  2        3        4        5         7       10 

a;/ observed. .. .     000580    470    398    358    327    276    234 
»/ calculated. . .     000587    483    430    384    856    312    266 

t  15      25      40      60      80     100 

»/ observed. .. .     188    140    111    085    072    066 
a;^  calculated. . .     217     167     135     100    084 

Results  for  T=121  compared  with  those  from  T=20. 

t  i  12        3        4        6         7 

.«/ observed...     000979      871     758    697     648    612    556 
ar/ calculated . .        ..  1070    950    880    830     780     730 

t  10      15      30      65      90     120    589 

»<  observed .. .     497    433    325     212     174    144     18 
»/ calculated . .     670    600    500    380    850 

lu  examining  these  results  it  must  be  remembered  that  those  for  small 
values  of  T  are  much  less  accurate  than  when  T  is  greater,  for  the 
quantity  observed  is  smaller  but  is  subject  to  the  same  absolute  error ; 
any  irregularity  in  putting  on  or  releasing  from  the  stress  will  canse 
an  error  which  is  a  material  proportion  of  the  observed  deflection. 
For  this  reason  it  would  be  unsafe  to  base  a  conclusion  on  the  experi- 
ments with  T=l  and  T=2.  The  three  last  tables  agree  in  indicating 
a  large  deviation  from  the  principle  of  superposition,  the  actual  effect 
being  less  than  the  sum  of  the  separate  effects  of  the  periods  o  Btraas 
into  which  the  actual  period  may  be  broken  up.  Kohlransch  finds 
the  same  to  be  the  case  for  india-rubber,  either  greater  torsions  or 
longer  durations  give  less  after-effects  than  would  be  expected  fiom 
smaller  torsions  and  shorter  periods. 

A 

4.  Assuming  with   Boltzmann  that  0(^)=-,  we  have  at  time  t 

t 
after  termination  of  a  twist  lasting  time  T, 

aj,=A{log(T-fO-log/}, 

the  logarithms  being  taken  to  any  base  we  please.    The  resnliB  were 
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plotted  on  paper,  Xf  being  the  ordinate  and  log  -——  the  abscissa ;  if  the 

z 

law  be  true  we  shonld  find  the  points  all  lying  on  a  straight  line 

throngh  the  origin.     For  each  value  for  T  they  do  lie  on  straight  lines 

very  nearly  for  moderate  values  of  t ;  but  if  T  is  not  small  these  lines 

pass  above  the  origin.     When  t  becomes  large  the  points  drop  below 

the  straight  line  in  a  curve  making  towards  the  origin.     This  devia- 

A 
tion  appears  to  indicate  the  form  0(0  =  — »   **•  being  less  than,  bnt 

near  to,  unity.     If  o=0'95  we  have  a  fairly  satisfactory  formula. 
Xt^A'(TTi^-t'^\  where  A'= A  when  T=121. 

In  the  following  Table  the  observed  and  calculated  values  of  x^  when 
T=121  are  compared.  A'  being  taken  as  0'032. 

t  i  12        3        4        5        7 

«/ observed. .. .     0-00979    871     758    697    648    612    556 
«<  calculated. .  •     0*00976    870    755     691     643    600    550 

t  10      15      30      65      90     120    589 

«/ observed. .. .     497    433     325    212    174     144     18 
ar/ calculated. . .     493    429    320    218    176     147     42 

To  show  the  fact  that  A'  decreases  as  T  increases  if  a  be  assumed  con- 
stanty  I  add  a  comparison  when  T=20,  it  being  then  necessary  to 
take  A'=0-037. 

t  1  2        3        4        5        7       10 

«/ observed. .. .      000580    470    398    358    327    276    234 
aj/ calculated. . .      0'00607    485    422     370    337    285     233 

i  15      25      40      60      80     100 

iE/ observed....     188    140    111    085    072    066 
2|  calculated. . .     185    125    089    067    052    041 

A  better  result  would  in  this  case  be  obtained  by  assuming  a =0*92, 
or  =0*93  in  the  former  case  with  A' =0*021.  Probably  the  best  result 
iMTould  be  given  by  taking  A  constant,  and  assuming  that  a  increases 
with  T. 

Taking  the  formula  0(0=-   these  experiments  give  values  of  A 

t 

ranging  from  0*0017  to  00022.  Boltzmann  for  a  fibre,  probably  of 
a  quite  different  composition,  gives  numbers  from  which  it  follows 
that  A= 0-0036. 

5.  In  my  paper  on  "  Residual  Charge  of  the  Leyden   Jar  "  that 
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Babjeot  is  diacnSBed  in  the  same  manner  as  BolUmaiLn  discoases  the 
after-effect  of  torsion  oa  a  fibre,  and  it  is  worth  remarking  that  the 
T«salts  of  my  experiments  can  be  ronghly  expressed  hj  a  formnia  in 
which  0(()=-.     For  glass  No.  5  (soft  crown)  a=0-66,  whilst  for 

No.  7  (light  flint)  it  is  greater ;  bnt  in  the  electrical  ezpraiment  bo 
sign  of  a  deSnile  deriatdon  from  the  law  of  saperposition  was  detected. 


IV.  "  Note  in  correction  of  an  Error  in  the  Rev.  Dr.  Haughton'a 
Paper  '  Notes  on  Physical  Geology,  No,  V  "  ("  Proc.  Roy. 
Soc,"  vol.  xxvii,  p.  447),  By  the  Rev,  Samuel  Hauohton, 
M.D,,  Professor  of  Geology  in  the  University  of  Dublin, 
F.R.S.     Received  October  9,  1878. 

In  my  pnper  read  20th  Jniie  last,  and  psbHsbed  in  the  "  Jonmal 
of  the  Boyal  Society,"  there  is  an  error  in  p.  450  which  I  wish  to 
correct. 

Referring  to  the  geometrical  proof  of  Mr.  Darwin's  theorem,  I  state 
that  from  cnsp  to  cnsp  of  the  cycloidal  wabble  occnpies  \hi\  days; 
this  is  an  error,  as  it  shonid  bo  305  days,  as  can  be  shown  g 


Let  yr,  y'x',  be  two  SQcceaaive  positions  of  the  line  joining  the  ax«s 
of  rotation  and  figare;  prodnce  them  to  meet  at  C,  wliich  will  be  the 
centre  of  cnrvatnre,  because  yx  and  y'x',  are  normals  to  the  cycloidal 
arc  yy' ;  it  is  well  known  that  ^C,  (radina  of  cnrratnre)  is  donble  yx 
(chord  of  generating  circle)  or  double  y'l ;  therefore  the  angle  yxif' 
ia  doable  the  angle  yCy' ;  bat  yxy  measnres  the  angalar  velooity  of 
the  wabble,  when  »  is  sapposed  at  reat ;  therefore  the  angalar  velooit j 
oiyx  is  only  half  that  of  the  wabble,  if  the  axis  of  figure  were  at  rest. 
Hence  in  305  days,  yz  will  tarn  throngh  180°  only,  and  not  3^°. 
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This  oorreciaon,  when  introdnced  into  my  calculation  of  Mr.  Dar- 
win's problem,  p.  182,  will  double  the  result,  and  give  19,350  years 
to  represent  the  19,200  years,  found  by  Mr.  Darwin. 

I  would  wish  to  add,  that  Mr.  Darwin,  in  a  letter  to  myself,  pro- 
poses to  call  the  cycloidal  wabble  described  by  him,  a  **  lopsided 
wabHc^^*  as  distinguished  from  the  simple  circular  ^* wabble**  described 
by  me;  the  one  being  caused  by  continuous  motion  of  the  axis  of 
figure,  and  the  other  caused  by  sudden  displacement  of  that  axis. 


V.  **  Measurements  of  Electrical  Constants.  No.  II.  On  the 
Specific  Inductive  Capacities  of  Certain  Dielectrics."  Part  I. 
By  J.  E.  H.  Gordon,  B.A-  Camb.  Communicated  by  Pro- 
fessor J.  Clerk  Maxwell,  F.B.S.  Received  October 
21, 1879, 

(Abstract.) 

A  paper  of  mine  with  the  above  title  was  communicated  to  the  Royal 
Society  by  Professor  J.  Clerk  Maxwell,  F.R.S.,  on  March  9th,  1878. 
It  was  read  on  March  28th,  and  an  abstract  of  it  appeared  in  the 
"  Proceedings."* 

In  the  course  of  the  summer  it  was  pointed  out  to  me  that  owing  to 
a  mistake  in  the  formula  of  calculation  all  the  results  were  wrong.  I, 
therefore,  requested  permission  to  withdraw  my  paper,  in  order  to  re- 
calcnlalie  the  results.  The  new  values  of  K  arrived  at  led  me  to  make 
some  determinations  of  refractive  indices  and  to  re-write  the  theoretical 
deductkniB  at  the  close  of  the  paper. 

I  now  beg  through  Professor  Maxwell  to  present  the  paper  in  an 
amended  form,  in  the  hope  that  it  may  be  found  not  entirely  unworthy 
of  the  attention  of  the  Royal  Society. 

As  it  would  be  impossible  within  the  limits  of  an  abstract  to  give 
any  intelligible  account  of  the  new  method  of  expeiiment  (due  to  Pro- 
fessor Maxwell),  which  has  been  employed,  I  will  merely  give  the  table 
of  results,  reserving  all  discussion  and  explanation  until  the  publica- 
tion of  my  paper  in  full. 

I  may,  however,  state  that  the  method  is  a  zero  method,  that  the 
electrified  metal  plates  never  touch  the  dielectrics,  and  that  the  elec- 
trification, which  is  produced  by  an  induction  coil,  has  an  electromo- 
tive force  equal  to  that  of  about  2,050  chloride  of  silver  cells,  and  is 
reversed  some  12,000  times  per  second. 

•  AiUe,  Tol.  xxyii,  p.  270. 
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Results, 
Dielectric. 
Olass,  Slabs  about  1  inch  K. 

thick, 

{Donble  exti-a  dense  flint  3  '1639 
Extra  dense  flint 3  '0536 
Light  flint 3  -0129 
Hard  crown 3  1079 

Common    plate,  f  No.  1             3  2581 1  o  .040-1 

28lab8.         INo.  2  3-2282/ ^ 

{No.  1  2  -2697^ 
No.  2  2  -2482  I 
No.  3  2-3097  f ^  *^^^ 

No.  4  2  -3077  J 

Best  qnalitjr  gntta  percha    2  *4625 

Chatterton's  compound 2  '5474 

T  ^.       i^i.      fblack 2-2200 

India-rubber  I  ^^^^^^ g.^^^ 

Solid  paraffin,  sp. 


gr.atirO.'9109. 

No.  1 

1-9940 

Melting        point 

No.  2 

1-9784 

68°  C.  6  slabs  cut 

No.  3 

1  -9969 

2  0126 

in    planing    ma- 

No. 4 

chine.        Results 

No.  5 

1  -9654 

corrected  for  ca- 

No. 6 

2  -0143 

vities. 

^ 

/ 

Mean.  ..1-9936* 


Shellac 2  •  7464 

Sulphur   2  -5793 

Bisulphide  of  carbon  1  '8096t 

The  following  table  compares  the  refractive  indices  of  the  transptr 
rent  dielectrics  with  the  square  roots  of  the  specific  inductive  capacitieB. 
Tn  cases  where  there  is  a  wide  diflerence  fi  is  taken  from  books  on 
physics ;  wherever  there  was  a  close  agreement  it  was  carefullj  deter* 
mined  by  the  author,  except  in  the  case  of  paraffin,  where  the  yalae  is 
that  given  in  Maxwell's  *'  Electricity." 


*  Messrs.  Gibson  and  Barclay,  "Phil.  Trans./' 1871,  using  a  method  entirely 
different  from  mine,  obtained  E  » 1*977  for  paraffin.  Correcting  for  a  slight  difoenee 
of  density,  I  find  that  if  thej  had  used  mj  paraffin  their  result  would  hsTe  been 
1-9833. 

t  1  am  not  quite  certain  of  the  accuracy  of  this  result. 
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Dielectric. 

y/K. 

Nearest  Talue 
of  /I. 

Eaj  for  which  /i 
is  nearest. 

Doable  extra  dense  flint 
elaM 

1-7783 

1-7460 

Band  in  extreme 
yiolet  in  mag- 
nesium    spark 
spectrum. 

B'^"* ••• 

Extra  dense  flint 

1  -7474 

1  -6757 

lAeA}^  flint,  t  ..«.•..... . 

1-7343 

1  -5113 

1-7629 

1-5920 

Plate  slass 

1-8009 

1*543 

1  -4119 

1-422 

Bays  of    infinite 
wave  length. 

Sulphur 

1-6060 

2  116 

Bisulphide  of  carbon. . . . 

1-3456 

1-6114 

VI.  "  Researches  in  Spectrum  Analysis  in  connexion  with  the 
Spectrum  of  the  Sun.  No.  VII."  By  J.  N.  Lockyer, 
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DUeussion  of  the  Working  Hypothesis  that  the  so-called  Elements  are 

Gompottnd  Bodies. 

Part  I. 

It  is  known  to  many  Fellows  of  the  Society  that  I  have  for  the  last 
fonr  years  been  engaged  upon  the  preparation  of  a  map  of  the  solar 
spectrnm  on  a  large  scale,  the  work  inclnding  a  comparison  of  the 
Frannhofer  lines  with  those  visible  in  the  spectrnm  of  the  vaponr  of 
each  of  the  metallic  elements  in  the  electric  arc. 

To  give  an  idea  of  the  thoronghness  of  the  work,  at  all  events  in  in- 
tention, I  may  state  that  the  complete  spectrum  of  the  snn,  on  the 
scale  of  the  working  map,  will  be  half  a  furlong  long ;  that  to  map  the 
metallic  lines  and  purify  the  spectra  in  the  manner  which  has  already 
been  described  to  the  Society,  more  than  100,000  observations  have 
been  made  and  about  2,000  photographs  taken. 

In  some  of  these  photographs  we  have  vapours  compared  with  the  sun  ; 
in  others  vapours  compared  with  each  other ;  and  others  again  have  been 
taken  to  show  which  lines  are  long  and  which  are  short  in  the  spectra. 

I  may  state  by  way  of  reminder  that  the  process  of  purification  con- 
sisted in  this :  When,  for  instance,  an  impurity  of  Mn  was  searched 
for  in  Fe,  if  the  longest  line  of  Mn  was  absent,  the  short  lines  must 
also  be  absent  on  the  hypothesis  that  the  elements  are  elementary ;  if 
the  longest  line  were  present,  then  the  impurity  was  traced  down  to 
the  shortest  line  present. 
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Table  I.  Final  rednction — Iron. 
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Table  II.  Final  redaction — Titanium. 
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Tlie  Hgpothetie  that  th^Elementt  are  Simple  Bodies  does  not  include  all 
the  Phentymetia, 

Tlie  final  reduction  of  the  photographs  of  all  the  metallic  elements 
in  the  region  39-4U — a  reduction  I  began  in  the  early  part  of  the  pre- 
sent year,  and  \rhich  has  taken  six  months,  sammarised  all  the  obser- 
TfttionB  of  metaUic  spectra  compared  with  the  Froonhofer  lines  accD- 
molat^d  daring  the  whole  period  of  obeerration.  Now  this  rednctioa 
has  shown  me  that  the  hypothesiB  that  identical  lines  in  different 
spectra  are  dne  to  impnrities  is  not  snfGcient.  I  shall  show  in  detail 
in  a  snbseqnent  paper  the  hopeless  confasion  in  which  I  have  been 
landed.  I  limit  myself  on  the  present  occasion  to  giving  tables  show- 
ing how  the  hypothesis  deals  with  the  spectra  of  iron  and  titoniom. 

We  find  short-line  coincidences  between  many  metals  the  impurities 
of  which  have  been  eliminated,  or  in  which  the  freedom  from  mntaal 
imparity  has  been  demonstrated  by  the  absence  of  the  longest  lines. 

Evidencet  of  Celestial  Bistociation. 
It  ifl  fire  years  sines  I  first  pointed  oat  that  there  are  many  facts 
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and  many  trains  of  thought  suggested  by  solar  ajid  stellar  physics 
which  point  to  another  hypothesis,  namely,  that  the  elements  themselveif 
or  cit  all  events  some  of  them,  are  com/pound  bodies. 

In  a  letter  written  to  M.  Dumas,  December  3,  1873,  and  printed 
in  the  Comptes  Bendus,  I  thns  snmmarised  a  memoir  which  has  since 
appeared  in  the  Philosophical  Transactions. 

"II  semble  que  plus  une  ^toile  est  chaude  plus  son  spectre  est 
simple,  et  que  les  elements  metalliques  se  font  voir  dans  rordre  de 
leurs  poids  atomiques.* 

*'  Ainsi  nous  avons : 

"  1.  Des  ^toiles  tres-brillantes  ou  nous  ne  voyons  que  Thydrogftne, 
e^i  guantite  enonne,  et  le  magnesium  ; 

'*  2.  Des  ^toiles  plus  froides,  comme  notre  Soleil,  oik  nous  troavona : 

H+Mg+Na 
H-hMg+Na+Ca,  Fe,  .  .  . ; 

dans  ces  ^toiles,  pas  de  m^talloides ; 

"  3.  Des  6toiles  plus  froides  encore  dans  lesquelles  totis  les  iUmenls  mS^ 
talliques  sont  assogies,  ou  leurs  lignes  ne  sont  plus  yisibles,  et  oil  nous 
n'avons  que  les  spectres  des  m^tallo'ides  et  des  composes. 

"  4.  Plus  une  6toile  est  4gee,  plus  Vhydrogene  libre  disparaU  ;  snr  la 
terre,  nous  ne  trouvons  plus  d*hydrogene  en  liberty. 

^  II  me  semble  que  ces  f  aits  sont  les  preuves  de  plusieurs  id^es  ^miaes 
parvous.  J*ai  pens6  que  nous  pouvions  imaginer  une  ^dissociixUan 
celeste,*  qui  continue  le  travail  de  nos  foumeaux,  et  que  les  m^talloldes 
sont  des  composes  qui  sont  dissocies  par  la  temperature  solaire,  pendant 
que  les  Elements  m6 talliques  monatomiques,  dont  les  poids  atomiqnea 
sont  les  moindres,  son  precis^ment  ceux  qui  r^sistent,  mSme  k  la  tem- 
perature des  etoiles  les  plus  chaudes." 

Before  I  proceed  further,  I  should  state  that  while  observations  of 
the  sun  have  since  shown  that  calcium  should  be  introduced  between 
hydrogen  and  magnesium  for  that  luminary,  Dr.'Huggins'  photographs 
have  demonstrated  the  same  fact  for  the  stars,  so  that  in  the  present 
state  of  our  knowledge,  independent  of  all  hypotheses,  the  facts  may 
be  represented  as  follows,  the  symbols  indicating  the  spectmm  of 
which  the  lines  are  visible  : — 

Hottest  Stars     "o     f  H  -f  Ca + Mg 

Sun         ..  8    ^  H+Ca+Mg+Na-f  Fe 

Cooler  Stars       '^g     I—    —     Mg-f  Na+Fe  fBi+Hg 


Coolest    ..        p'S>—     —      —      —      ——^ 

*  This  referred  to  the  old  numbers  in  which  Mg»12,  yaiB29. 
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Following  oat  these  views,  I  some  time  since  commnnicated  a  paper 
to  the  Society  on  the  spectrum  of  calcium,  to  which  1  shall  refer  more 
expressly  in  the  sequel. 

D^erenHation  of  the  Phenomena  to  be  observed  on  the  Two  Hypotheses, 

When  the  rednctions  of  the  ohseryations  made  on  metallic  spectra, 
on  the  hypothesis  that  the  elements  were  really  elementary,  had  landed 
me  in  the  state  of  utter  confusion  to  which  I  have  already  referred,  I 
at  once  made  up  my  mind  to  try  the  other  hypothesis,  and  there/ore 
at  once  sought  for  a  critical  differentiation  of  the  phenomena  on  the 
two  hypotheses. 

Obviously  the  first  thing  to  be  done  was  to  inquire  whether  one 
hypothesis  would  explain  these  short-line  coincidences  which  remained 
after  the  reduction  of  all  the  observations  on  the  other.  Calling  for 
simplicity's  sake  the  short  lines  common  to  many  spectra  basic  lines, 
the  new  hypothesis,  to  be  of  any  value,  should  present  us  with  a  state 
of  things  in  which  basic  molecules  representing  bases  of  the  so-called 
elements  should  give  us  their  lines,  varying  in  intensity  from  one 
condition  to  another,  the  conditions  representing  various  compoundings. 

Suppose  A  to  contain  B  as  an  impurity  and  as  an  element,  what 
will  be  the  difEerence  in  the  spectroscopic  result  ? 

A  in  both  cases  will  have  a  spectrum  of  its  own  ; 

B  as  an  impurity  will  add  its  lines  according  to  the  amount  of  im- 
purity, as  I  have  shown  in  previous  papers. 

B  as  an  element  will  add  its  lines  according  to  the  amount  of  disso- 
ciation, as  I  have  also  shown. 

The  difference  in  the  phenomena,  therefore,  will  be  that,  with 
gradually -increasing  temperature,  the  spectrum  of  A  wiUfadcy  if  it  be 
a  compound  body,  as  it  will  be  increasingly  dissociated,  and  it  vnll  7wt 
fade  if  it  be  a  simple  one. 

Agf^in,  on  the  hypothesis  that  A  is  a  compound  body,  that  is,  one 
compounded  of  at  least  two  similar  or  dissimilar  molecular  groupings, 
then  the  longest  lines  at  one  temperature  will  not  be  the  longest  at 
another ;  the  whole  fabric  of  "  impurity  elimination,"  based  upon  the 
assumed  single  molecular  grouping,  falls  to  pieces,  and  the  origin  of 
the  basic  lines  is  at  once  evident. 

This  may  be  rendered  clearer  by  some  general  considerations  of 
another  order. 

Oenerat  Considerations. 

Let  us  assume  a  series  of  furnaces  A  ...  D,  of  which  A  is  the 
hottest. 

Let  us  further  assume  that  in  A  there  exists  a  substance  a  by  itself 
competent  to  form  a  compound  body  /3  by  union  with  itself  or  with 
something  else  when  the  temperature  is  lowered. 
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Then  we  ma;  imagiue  a  famace  B  iq  which  this  compouiid  body 
ezieta  alone.  The  Bpcctmm  of  the  compound  fi  would  be  the  od\j  one 
visiUe  in  B,  as  the  apectram  of  the  assamed  element&rf  body  u  would 
be  the  only  one  visible  in  A. 

Fi8.  !• 
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A  lower  temperature  furnace  C  will  provide  ua  with  a  more  com- 
pound  substance  f,  and  the  same  considerations  will  hold  good. 

Now  if  into  the  furnace  A  we  throw  some  of  this  donbty-oom- 
poonded  body  if,  we  shall  get  at  first  an  integration  of  the  three  spectra 
to  which  I  have  drawn  attention ;  the  lines  of  f  will  first  be  thickest, 
then  those  of  ^ ;  finally  o  will  exist  alone,  and  the  spectrum  will  be 
reduced  to  one  of  the  utmost  simplicity. 

This  is  not  the  only  conclusion  to  be  drawn  from  these  considen^ 
tions.  Although  we  have  by  hypothesis  y3,  7,  and  I  all  higher,  that  is, 
more  compound  forms  of  a,  and  although  the  strong  Itnea  in  the  dia- 
gram may  represent  the  true  spectra  of  these  substances  in  the 
furnaces  B,  C,  and  D,  respectively,  yet,  in  consequence  of  incomplete 
dissociation,  tho  strong  lines  of  p  will  be  seen  in  furnace  C,  and  the 
strong  lines  of  f  will  be  seen  in  furnace  D,  all  tu  thin  linei.  Thus, 
although  in  C  wo  have  no  line  which  is  not  represented  in  D,  the  in- 
tensities of  the  lines  in  C  and  D  are  entirely  changed. 

In  short,  the  line  of  a  strong  in  A  is  hatic  in  B,  C,  and  D,  the  lines 
of  j3  strong  in  B  are  batic  in  C  and  D,  and  so  on. 

I  have  prepared  another  diagram  which  represents  the  facts  on  tiie 
supposition  that  the  furnace  A,  instead  of  having  a  temperature 
sufficient  to  dissociate  ^,  7,  and  S  into  a  is  far  below  that  atage, 
although  higher  than  B. 

It  will  be  seen  from  this  diagram  that  then  the  only  difference  in 
the  spectra  of  the  bodies  existing  in  the  four  furnaces  would  consist 
in  the  relative  thicknesses  of  the  lines.     The  spectrum  of  the  sab- 

*  The  fifium  between  the  bypothetiml  spectra  point  M  the  gradual  change  ••  the 
Bpcctruiu  i«  obMTTed  near  the  tompcnitUTe  of  nob  of  the  furnaces. 
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ittaiic«8  ae  they  exist  in  A  would    contain  as  many  lines  aa  wonld 
the  spectrmn  of  the  enbetances  as  they  exist  ia  D ;  each  line  wonld  in 


ri«- 

2. 

A 

- 

B 

- 

C 

X 

D 

1 

tarn  be  htuic 
odIj. 


)  of  Jwrwues  instead  of  in  one  o 


Applicaiion  of  these  General  Consideralioiu  to  Lwparity  ElimiiuUion. 

Now  let  QB  suppose  that  in  the  laat  diagram  (Fig.  2)  the  four 
fomacea  represent  the  spectra  of  say,  iron,  brolcen  np  into  different 
finenesses  by  successive  stages  of  heat.  It  is  first  of  all  abundantly 
clear  that  the  relative  thicknesses  of  the  iron  lines  observed  will  vary 
according  as  the  temperatnre  resembles  that  of  A,  B,  C,  or  D.  The 
positions  in  the  spectra  will  be  the  same,  bnt  the  intensities  will  vary ; 
this  ia  the  point.  The  longest  linet,  repreteiited  in  the  diagram  by 
the  thickest  ones,  Kill  vary  as  vie  pass  from,  one  temperature  to 
another.  It  is  on  this  ground  that  I  have  before  stated  that  the 
whole  fabric  of  imparity  elimination  must  fall  to  pieces  on  snch  an 
hypothesis.  Let  ns  anppose,  for  instance,  that  manganese  is  a  com* 
pound  of  the  form  of  iron  represented  in  furnace  B,  with  something 
else ;  and  suppose  again  that  the  photograph  of  iron  which  I  compare 
with  manganese  represents  the  spectrum  of  the  vapour  at  the  tempe> 
nture  of  the  furnace  D.  To  eliminate  the  impurity  of  iron  in  manganese, 
as  I  have  eliminated  it,  we  begiu  the  search  by  looking  for  the  longest 
and  strongest  lines  shown  in  the  photograph  of  iron,  in  the  photograph 
of  manganese  taken  under  the  same  conditions.  I  do  not  find  these 
lines.  I  say,  therefore,  that  there  is  no  impurity  of  iron  in  manganese, 
but  although  the  longest  iron  lines  are  not  there,  some  of  the  fainter 
basic  ones  are.  This  I  bold  to  be  the  explanation  of  the  apparent  con- 
fosion  in  which  we  are  landed  on  the  supposition  that  the  elements 
u«  elementary.    . 
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Application  of  these  Considerations  to  Ktwwn  Compounds. 

Now  to  apply  this  reasoning  to  the  dissociation  of  a  known  com- 
ponnd  body  into  its  elements — 

A  componnd  body,  snch  as  a  salt  of  calcinm,  has  as  definite  a 
spectrum  as  a  simple  one ;  bnt  while  the  spectrom  of  the  metal  itself 
consists  of  lines,  the  number  and  thickness  of  some  of  which  increase 
with  increased  quantity,  the  spectrum  of  the  compound  consists  in  the 
main  of  channelled  spaces  and  bands,  which  increase  in  like  manner. 

In  short,  the  molecules  of  a  simple  body  and  a  compound  one  are 
affected  in  the  same  manner  by  quantity  in  so  far  as  their  spectra  are 
concerned ;  in  other  words,  both  spectra  have  their  long  and  short  Unes^ 
the  lines  in  the  spectrum  of  the  element  being  represented  by  bands 
or  fluted  lines  in  the  spectrum  of  the  compound ;  and  in  each  case 
the  greatest  simplicity  of  the  spectrum  depends  upon  the  smallest 
quantity,  and  the  greatest  complexity  (a  continuous  spectrum)  upon 
the  greatest. 

The  heat  required  to  act  upon  such  a  compound  as  a  salt  of  calcinm 
BO  as  to  render  its  spectrum  visible,  dissociates  the  compound  according 
to  its  volatility ;  the  number  of  true  metallic  lines  which  thus  appear 
is  a  measure  of  the  quantity  of  the  metal  resulting  from  the  diasocta* 
tion,  and  as  the  metal  lines  increase  in  number,  the  compound  bands 
thin  out. 

I  have  shown  in  previous  papers  how  we  have  been  led  to  the  con- 
clusion that  binary  compounds  have  spectra  of  their  own,  and  how 
this  idea  has  been  established  by  considerations  having  for  a  basis  the 
observations  of  the  long  and  short  lines. 

It  is  absolutely  similar  observations  and  similar  reasoning  which  I 
have  to  bring  forward  in  discussing  the  compound  nature  of  the 
chemical  elements  themselves. 

In  a  paper  communicated  to  the  Royal  Society  in  1874,  referring, 
among  other  matters,  to  the  reversal  of  some  lines  in  the  solar  spec- 
trum, I  remarked  :* — 

"  It  is  obvious  that  greater  attention  will  have  to  be  given  to  the 
precise  cliaracter  as  well  as  to  the  position  of  each  of  the  Fraunhofer 
lines,  in  the  thickness  of  which  I  have  already  observed  sevenl 
anomalies.  I  may  refer  more  particularly  at  present  to  the  two  H  linies 
3933  and  3968  belonging  to  calcium,  which  are  much  thicker  in  all 
photographs  of  the  solar  spectrum  [I  might  have  added  that  they 
were  by  far  the  thickest  lines  in  the  solar  spectrum]  than  the  largest 
calcium  line  of  this  region  (4226*3),  this  latter  being  invariably 
thicker  than  the  H  lines  in  all  photographs  of  the  calcium  spectrum, 
and  remaining,  moreover,  visible  in  the  spectrum  of  substances  con. 

•  "  Phil.  Trans.,"  yoI.  cIxIy,  part  2,  p.  807. 
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tftinmg  calciiim  in  such  small  quantities  as  not  to  show  any  traces  of 
the  H  lines. 

**  How  far  this  and  similar  variations  between  photographic  records 
jand  the  solar  spectmm  are  dne  to  canses  incident  to  the  photographic 
record  itself,  or  to  variations  in  the  intensities  of  the  varions  mole- 
•cnlar  vibrations  nnder  solar  and  terrestrial  conditions,  are  questions 
which  up  to  the  present  time  I  have  been  unable  to  discuss. 

An  Objection  Discussed. 

I  was  careful  at  the  very  commencement  of  this  paper  to  point  out 
that  the  conclusions  I  have  advanced  are  based  upon  the  analogies 
furnished  by  those  bodies  which,  by  common  consent  and  beyond 
cavil  and  discussion,  are  compound  bodies.  Indeed,  had  I  not  been 
^aureful  to  urge  this  point  the  remark  might  have  been  made  that  the 
various  changes  in  the  spectra  to  which  I  shall  draw  attention  are  not 
the  results  of  successive  dissociations,  but  are  effects  due  to  putting 
ihe  same  mass  into  different  kinds  of  vibration  or  of  producing  the 
vibration  in  different  ways.  Thus  the  many  high  notes,  both  true 
and  &]se,  which  can  be  produced  out  of  a  bell  with  or  without  its 
fundamental  one,  might  have  been  put  forward  as  analogous  with  those 
jipectral  lines  which  are  produced  at  different  degrees  of  temperature 
with  or  without  the  line,  due  to  each  substance  when  vibrating  visibly 
with  the  lowest  temperature.  To  this  argument,  however,  if  it  were 
brought  forward,  the  reply  would  be  that  it  proves  too  much.  If  it 
demonstrates  that  the  h  hydrogen  line  in  the  sun  is  produced  by  the 
same  molecular  grouping  of  hydrogen  as  that  which  gives  us  two 
green  lines  only  when  the  weakest  possible  spark  is  taken  in  hydrogen 
inclosed  in  a  large  glass  globe,  it  also  proves  that  calcium  is  identical 
with  its  salts.  For  we  can  get  the  spectrum  of  any  of  the  salts  alone 
without  its  common  base,  calcium,  as  we  can  get  the  green  lines  of 
hydrogen  without  the  red  one. 

I  submit,  therefore,  that  the  argument  founded  on  the  overaotes  of 
jA  sounding  body,  such  as  a  bell,  cannot  be  urged  by  any  one  who 
believes  in  ihe  existence  of  any  compound  bodies  at  all,  because  there 
is  no  spectroscopic  break  between  acknowledged  compounds  and  tht; 
supposed  elementary  bodies.  The  spectroscopic  differences  between 
calcium  itself  at  different  temperatures  is,  as  I  shall  show,  as  great  as 
when  we  pass  from  known  compounds  of  calcium  to  calcium  itself. 
There  is  a  perfect  continuity  of  phenomena  from  one  end  of  the  scale 
-of  temperature  to  the  other. 

Inquiry  into  the  Probable  Arrangement  of  the  Basic  Molecules. 

As  the  results  obtained  from  the  above  considerations  seemed  to  be 
so  far  satisfactory,  inasmuch  as  they  at  once  famished  an  explanation 
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of  the  basic  lines  actually  observed,  tlie  inquiry  seemed    worthy  of 
being  carried  to  a  further  stage. 

The  next  point  I  considered  was  to  obtain  a  clear  mental  view  of 
the  manner  in  which,  on  the  principle  of  evolution,  various  bases  might 
now  be  formed,  and  then  become  basic  themselves. 

It  did  not  seem  unnatural  that  the  bases  should  increase  their  com- 
plexity by  a  process  of  continual  multiplication,  the  factor  being  1,  2, 
or  even  3,  if  conditions  were  available  under  which  the  temperature  of 
their  environment  should  decrease,  as  we  imagined  it  to  do  from  the 
furnace  A  down  to  furnace  D.  This  would  bring  about  a  condition 
of  molecular  complexity  in  which  the  proportion  of  the  molecular 
weight  of  a  substance  so  produced  in  a  combination  with  another  sub- 
stance would  go  on  continually  increasing. 

Another  method  of  increasing  molecular  complexity  would  be  repre- 
sented by  the  addition  of  molecules  of  different  origins.  Representing 
the  first  method  by  A  +  A,  we  could  represent  the  second  by  A  +  B. 
A  variation  of  the  last  process  would  consist  in  a  still  further  com- 
plexity being  brought  about  by  the  addition  of  another  molecule  of  B^ 
80  that  instead  of  (A-|-B)2  merely,  we  should  have  A+Bj. 

Of  these  three  processes  the  first  one  seemed  that  which  it  was  pos- 
sible to  attack  under  the  best  conditions,  because  the  consideration  of 
impurities  was  eliminated ;  the  prior  work  has  left  no  doubt  upon  the 
mind  about  such  and  such  lines  being  due  to  calcium,  others  to  iron, 
and  so  forth.  That  is  to  say,  they  are  visible  in  the  spectra  of  these 
substances  as  a  rule.  The  inquiry  took  this  form :  Granting  that  these 
lines  are  special  to  such  and  such  a  substAuce,  does  each  become  basic 
in  turn  as  the  temperatui'e  is  changed  ? 

I  therefore  began  the  search  by  reviewing  the  evidence  concerning 
calcium,  and  seeing  if  hydrogen,  iron,  and  lithium  behaved  in  the  same 
way. 

Application  of  the  above  Calcium  Vietcs  to  Calcium ,  Iron^  Lithium^  and 

Hydrogen, 

Calcium. 

It  was  in  a  communication  to  the  Royal  Society  made  in  1874 
("Proc.  Roy.  Soc.,*'  vol.  xxii,  p.  380),  that  I  first  referred  to  the 
possibility  that  the  well-known  line  spectra  of  the  elementary  bodies 
might  not  result  from  the  vibration  of  similar  molecules.  I  was  led  to 
make  the  remark  in  coDsequcDce  of  the  differences  to  which  I  have 
already  drawn  attention  in  the  spectra  of  certain  elements  as  observed 
in  the  spectrum  of  the  sun  and  in  those  obtained  with  the  ordinary 
instrumental  appliances. 

Later  ("  Proc.  Roy.  Soc,"  No.  168, 1876)  I  produced  evidence  that 
the  molecular  grouping  of  calcium  which,  with  a  small  induction  coil 
and  small  jar,  gives  a  spectrum  with  its  chief  line  in  the  blue,  ia  neariy 
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broken  up  in  the  snn,  and  quite  broken  up  in  the  discharge  from  a 
large  coil  and  jar,  into  another  or  others  with  lines  in  the  violet. 

I  said  "  another  *'  or  "  others,"  because  I  was  not  then  able  to  deter> 
mine  whether  the  last-named  lines  proceeded  from  the  same  or  different 
molecules  ;  and  1  added  that  it  was  possible  we  might  have  to  wait  for 
photographs  of  the  spectra  of  the  brighter  stars  before  this  point  could 
be  determined. 

I  also  remarked  that  this  result  enabled  us  to  fix  with  very  consider- 
able accuracy  the  electric  dissociating  conditions  which  are  equivalent 
to  that  degree  of  dissociation  at  present  at  work  in  the  sun. 

In  fig.  3  I  have  collected  several  spectra  copied  from  photographs,  in 
order  that  the  line  of  argument  may  be  grasped. 

First  we  see  what  happeus  to  the  non-dissociated  and  the  dissociated 
chloride.  Next  we  have  the  lines  with  a  weak  voltaic  arc,  the  single 
line  to  the  right  (W.  L.  4226*3)  is  much  thicker  than  the  two  lines 
(W.  L.  3933  and  3968)  to  the  left,  and  reverses  itself. 

We  have  next  calcium  exposed  to  a  current  of  higher  tension.  It 
will  be  seen  that  here  the  three  lines  are  almost  equally  thick,  and  all 
reverse  themselves. 

Now  it  will  be  recollected  that  in  the  case  of  known  compounds  the 
band  structure  of  the  true  compounds  is  reduced  as  dissociation  works 
its  way,  and  the  spectrum  of  each  constituent  element  makes  its 
appearance.  If  in  3  we  take  the  wide  line  as  representing  the  banded 
spectram  of  the  compound,  and  the  thinner  ones  as  representing  the 
longest  elemental  lines  making  their  appearance  as  the  result  of  partial 
dissociation,  we  have,  by  hypothesis,  an  element  behaving  like  a  com- 
pound. 

If  the  hypothesis  be  true,  we  ought  to  be  able  not  only  to  obtain 
with  lower  temperatures  a  still  greater  preponderance  of  the  single 
line,  as  we  do ;  bat  with  higher  temperatures  a  still  greater  preponder- 
ance of  the  double  ones,  as  we  do. 

I  tested  this  in  the  following  manner:  employing  photography, 
because  the  visibility  of  the  more  refrangible  lines  is  small,  and 
l)ecause  a  permanent  record  of  an  experiment,  free  as  it  must  be  from 
all  bias,  is  a  very  precious  thing. 

Induced  currents  of  electricity  were  employed  in  order  that  all  the 
photographic  results  might  be  comparable. 

To  represent  the  lowest  temperature,  I  used  a  small  induction  coil 
and  a  Leydeh  jar  only  just  large  enough  to  secure  the  requisite  amount 
of  photographic  effect.  To  represent  the  highest,  I  used  the  largest 
coil  and  jar  at  my  disposal.  The  spark  waa  then  taken  between  two 
aluminium  electrodes,  the  lower  one  cap-shaped,  and  charged  with  a 
salt  of  calcium. 

In  the  figure  I  give  exact  copies  of  the  results  obtained.  It  will  be 
seen  that  with  the  lowest  temperature  only  the  single  line  (2)  and 
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This  proved  that  the  intensity  of  the  vibratione  was  qaite  chingeJ 
in  the  two  ezperimento. 

Perhaps  it  may  not  bo  Bnper6non8  here  to  state  the  t 
induced  me  to  search  for  farther  evidence  in  the  etars. 
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It  ifl  abundantly  clear  that  if  the  so-called  elements,  or  more  pro- 
perly speaking  their  finest  atoms — those  that  give  us  line  spectra — are 
really  compounds,  the  compounds  must  have  been  formed  at  a  very 
high  temperature.  It  is  easy  to  imagine  that  there  may  be  no  superior 
limit  to  temperature,  and  therefore  no  superior  limit  beyond  which 
such  combinations  are  possible,  because  the  atoms  which  have  the 
power  of  combining  together  at  these  transcendental  stages  of  heat  do 
not  exist  as  such,  or  rather  they  exist  combined  with  other  atoms,  like 
or  unhke,  at  all  lower  temperatures.  Hence  association  will  be  a  com« 
bination  of  more  complex  molecules  as  temperature  is  reduced,  and  of 
dissociation,  therefore,  with  increased  temperatare  there  may  be  no 
end. 

That  is  the  first  point. 

The  second  is  this : — 

We  are  justified  in  supposing  that  our  ''  calcium,"  once  formed,  is  a 
distinct  entity,  whether  it  be  an  element  or  not,  and  therefore,  by 
working  at  it  alone,  we  should  never  know  whether  the  temperature 
produces  a  single  simpler  form  or  more  atomic  condition  of  the  same 
thing,  or  whether  we  actually  break  it  up  into  x+y,  because  neither  x 
nor  Y  will  ever  vary. 

But  if  calcium  be  a  product  of  a  condition  of  relatively  lower  tem- 
perature, then  in  the  stars  hot  enough  to  enable  its  constituents  to 
exist  uncompounded,  we  may  expect  these  constituents  to  vary  in 
quantity ;  there  may  be  more  of  x  in  one  star  and  more  of  Y  in  another ; 
and  if  this  be  so,  then  the  H  and  K  lines  will  vary  in  thickness,  and 
the  extremest  limit  of  variation  will  be  that  we  shall  only  have  H 
representing,  say,  x  in  one  star,  and  only  have  K  representing,  say,  y  in 
another.  Intermediately  between  these  extreme  conditions  we  may 
have  cases  in  which,  though  both  H  and  K  are  visible,  H  is  thicker  in 
some  and  K  is  thicker  in  others. 

Professor  Stokes  was  good  enough  to  add  largely  to  the  value  of  my 
paper  as  it  appeared  in  the  **  Proceedings  "  by  appending  a  note  point- 
ing out  that  "  When  a  solid  body  such  as  a  platinum  wire,  traversed 
by  a  voltaic  current,  is  heated  to  incandescence,  we  know  that  as  the 
temperature  increases  not  only  does  the  radiation  of  each  particular 
refrangibility  absolutely  increase,  but  the  proportion  of  the  radiations 
of  the  different  refrangibilities  is  changed,  the  proportion  of  the  higher 
to  the  lower  increasing  with  the  tempeiuture.  It  would  be  in  accord- 
ance with  analogy  to  suppose  that  as  a  rule  the  same  would  take 
place  in  an  incandescent  surface,  though  in  this  case  the  spectrum 
would  bo  discontinuous  instead  of  continuous.  Thus,  if  A,  B,  C,  D,  E 
denote  conspicuous  bright  lines  of  increasing  refrangibility,  in  the 
spectrum  of  the  vapour,  it  might  very  well  be  that  at  a  comparatively 
low  temperature  A  should  be  the  brightest  and  the  most  persistent :  at 
a  higher  temperature,  while  all  were  brighter  than  before,  the  relative 
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brightness  might  be  changed,  and  C  might  be  the  brightest  and  the 
most  persistent,  and  at  a  still  higher  temperature  £." 

On  these  grounds  Professor  Stokes,  while  he  regarded  the  facts  I 
mentioned  as  evidence  of  the  high  temperature  of  the  sun,  did  not 
look  upon  them  as  conclusivQ  evidence  of  the  dissociation  of  the  mole- 
cule of  calcium. 

Since  that  paper  was  sent  in,  however,  the  appeal  to  the  stars  to 
which  I  referred  in  it  has  been  made,  and  made  with  the  most  admir- 
able results,  by  Dr.  Hugg^ns. 

The  result  of  that  appeal  is,  that  the  line  which,  according  to  Pro- 
fessor Stokes's  view,  should  have  prevailed  over  all  others,  as  Sirios 
is  acknowledged  to  be  a  hotter  star  than  our  sun,  if  it  exists  at  all  in 
the  spectrum,  is  so  faint  that  it  was  not  recognised  by  Dr.  Huggins 
in  the  first  instance. 

In  Sirius,  indeed,  the  H  line  due  to  one  molecular  grouping  of  cal- 
cium is  as  thick  as  are  the  hydrogen  lines  as  mapped  by  Secchi,  while 
the  K  line,  due  to  another  molecular  grouping,  which  is  equally  thick 
in  the  spectrum  of  the  sun,  has  not  yet  made  its  appearance. 

In  the  sun,  where  it  is  as  thick  as  H,  the  hydrogen  lines  have  vastly 
thinned. 

While  this  paper  has  been  in  preparation.  Dr.  Huggins  has  been 
good  enough  to  communicate  to  me  the  results  of  his  most  important 
observations,  and  I  have  also  had  an  opportunity  of  inspecting  several 
of  the  photographs  which  he  has  recently  taken.  The  result  of  the 
recent  work  has  been  to  show  that  H  and  h  are  of  about  the  same 
breadth  in  Sirius.  In  a  Aquilas,  while  the  relation  of  H  to  ^  is  not 
greatly  changed,  a  distinct  approach  to  the  solar  condition  is  observed, 
K  being  now  unmistakably  present,  although  its  breadth  is  small  as 
compared  with  that  of  H.  I  must  express  my  obligations  to  Dr. 
Huggins  for  granting  me  permission  to  enrich  my  paper  by  reference 
to  these  unpublished  observations.  His  letter,  which  I  have  permis- 
ijion  to  quote,  is  as  follows : — 

**  It  may  be  gratifying  to  you  to  learn  that  in  a  photograph  I  have 
recently  taken  of  the  spectrum  of  a  AquilaB  there  is  a  line  correspond- 
ing to  the  more  refrangible  of  the  solar  H  lines  [that  is  K],  but  about 
half  the  breadth  of  the  line  corresponding  to  the  first  H  lines. 

'*  In  the  spectra  of  a  Lyras  and  Sirius  the  second  line  is  absent." 

Professor  Young's  observations  of  the  chromospheric  lines,  to  which 
I  shall  afterwards  refer,  give  important  evidence  regarding  the  pre- 
sence of  calcium  in  the  chromosphere  of  the  sun.  He  finds  that  the  H 
and  K  lines  of  calcium  are  strongly  reversed  in  every  important  spot, 
and  that,  in  solar  storms,  H  has  been  observed  injected  into  the  chromo- 
sphere seventy-five  times,  and  K  fifty  times,  while  the  blue  line  at 
W.  L.  4226*3,  the  all-important  line  at  the  arc  temperature,  was  only 
injected  thrice. 
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Fnrtlier,  in  the  eclipse  observed  in  Siam  in  1875,  the  H  and  K  lines 
left  the  sfcrongest  record  in  the  spectmm  of  the  chromosphere,  while 
the  line  near  G  in  a  photographic  region  of  much  greater  intensity  was 
not  recorded  at  all.  In  the  American  eclipse  of  the  present  year  the 
H  and  K  lines  of  calcium  were  distinctly  visible  at  the  base  of  the 
•corona,  in  which,  for  the  first  time,  the  observers  conld  scarcely  trace 
the  existence  of  any  hydrogen. 

To  som  up,  then,  the  facts  regarding  calcium,  we  have  first  of  all  the 
H  line  differentiated  from  the  others  by  its  almost  solitary  existence  in 
Sirins.  We  have  the  K  line  differentiated  from  the  rest  by  its  birth, 
so  to  speak,  in  a  AqnilsB,  and  the  thickness  of  its  line  in  the  sun,  as 
<M)mpared  to  that  in  the  arc.  We  have  the  blue  line  differentiated 
from  H  and  K  by  its  thinness  in  the  solar  spectrum  while  they  are 
thick,  and  by  its  thickness  in  the  arc  while  they  are  thin.  We  have 
it  again  differentiated  from  them  by  its  absence  in  solar  storms  in 
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which  they  are  almost  universally  seen,  and,  finally,  by  its  absence 
during  eclipses,  while  the  H  and  K  lines  have  been  the  brightest  seen 
or  photographed.  Last  stage  of  all,  we  have  calcium,  distinguished 
from  its  salts  by  the  fact  that  the  blue  line  is  only  visible  when  a  high 
temperature  is  employed,  each  salt  having  a  definite  spectrum  of  its 
own,  in  which  none  of  the  lines  to  which  I  have  drawn  attention 
appear,  so  long  as  the  temperature  is  kept  below  a  certain  point. 

Iron, 

With  regard  to  the  iron  spectrum,  I  shall  limit  my  remarks  to  that 
portion  of  it  visible  on  my  photographic  plates,  between  H  and  G.  It 
may  be  described  as  a  very  complicated  spectrum,  so  far  as  the 
number  of  lines  is  concerned,  in  comparison  with  such  bodies  as 
sodium  and  potassium,  lead,  thallium,  and  the  like ;  but  unlike  them, 
again,  it  contains  no  one  line  which  is  clearly  and  unmistakably  re- 
versed on  all  occasions.  Compared,  however,  with  the  spectrum  of 
such  bodies  as  cerium  and  uranium,  the  spectrum  is  simplicity  itself. 

Now,  among  these  lines  are  two  triplets,  two  sets  of  three  lines 
^each,  giving  us  beautiful  examples  of  those  repetitions  of  structure  in 
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the  spectrum  which  we  meet  with  in  the  spectra  of  almost  all  bodiesr 
Kome  of  which  have  already  been  pointed  out  by  Mascart,  Gomn,  and 
myself.  Now  the  &cts  indicate  that  these  two  triplets  are  not  doe 
to  the  vibration  of  the  same  molecular  grouping  which  giveB  riae  to 
most  of  the  other  lines.  They  are  as  follows.  In  many  photographs 
in  which  iron  has  been  compared  with  other  bodies,  and  in  others 
«'vgain  in  which  iron  has  been  photographed  as  existing  in  diflferent 
degrees  of  impurity  in  other  boiUes,  these  triplets  have  been  seen 
almost  alone,  alid  the  relative  intensity  of  them,  as  compared  with  the 
few  remaining  lines,  is  greatly  changed.  In  this  these  photographs 
resemble  one  I  took  three  years  ago,  in  which  a  large  coil  and  jar  were 
employed  instead  of  the  arc,  which  necessitated  an  exposure  of  an  hour 
instead  of  two  minutes.  In  this  the  triplet  near  G  is  very  marked ;  the 
two  adjacent  lines  more  refrangible  near  it,  which  are  seen  nearly  as 
strong  as  the  triplet  itself  in  some  of  the  arc  photographs  I  possess, 
are  only  very  faintly  visible,  while  dimmer  still  are  seen  the  lines  of 
the  triplet  between  H  and  h. 

There  is  another  series  of  facts  in  another  lino  of  work.  In  solar 
storms,  as  is  well  known,  the  iron  lines  sometimes  make  their  appear- 
ance in  the  chromosphere.  Now,  if  wo  were  dealing  here  with  one 
molecular  grouping,  we  should  expect  the  lines  to  make  their  appear- 
ance in  the  order  of  their  lengths,  and  we  should  expect  the  shortest 
lines  to  occur  less  frequently  than  the  longest  ones.  Now,  precisely 
the  opposite  is  the  fact.  One  of  the  most  valuable  contributions  to 
solar  physics  that  we  possess  is  the  memoir  in  which  Professor  C.  A. 
Young  records  his  observation  of  the  chromospheric  lines,  made  on 
behalf  of  the  United  States  Government,  at  Sherman,  in  the  Bockj 
Mountains.  The  glorious  climate  and  pure  air  of  this  region,  to  which 
[  can  personally  testify,  enabled  him  to  record  phenomena  which  it  is 
hopeless  to  expect  to  see  under  less  favourable  conditions.  Among 
these  were  injections  of  iron  vapour  into  the  chromosphere,  the  record 
taking  the  form  of  the  number  of  times  any  one  line  was  seen  during 
the  whole  period  of  observation. 

Now,  two  very  faint  and  short  linos  close  to  the  triplet  near  G  were 
observed  to  be  injected  thirty  times,  while  one  of  the  lines  of  the 
triplet  was  only  injected  twice. 

The  question  next  arises,  are  the  triplets  produced  by  one  moleoolar 
grouping  or  by  two  ?  This  question  I  also  think  the  facts  help  us  U> 
answer.  I  will  first  state,  by  way  of  reminder,  that  in  the  spark 
photograph  the  more  refrangible  triplet  is  barely  visible,  while  the  one 
near  G  is  very  strong.  Now,  if  one  molecular  grouping  alone  were  in 
question,  this  relative  intensity  would  always  be  preserved,  however 
much  the  absolute  intensity  of  the  compound  system  might  vary,  bat  if 
it  is  a  question  of  two  molecules,  we  might  expect  that,  in  some  of  the 
regions  open  to  our  observation,  we  should  get  evidence  of  cases  in 
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which  the  relative  intezisitj  is  reversed  or  the  two  intensities  are- 
assimilated.  What  might  happen  does  happen ;  the  relative  intensity 
of  the  two  triplets  in  the  spark  photograph  is  grandly  reversed  in 
the  spectmm  of  the  snn.  The  lines  harely  visible  in  the  spark  photo- 
graph are  among  the  most  prominent  in  the  solar  spectmm,  while  the 
triplet  which  is  strong  in  that  photograph  is  represented  by  Frannhofer 
lines  not  half  so  thick.  Indeed,  while  the  hypothesis  that  the  iron 
linos  in  the  region  I  have  indicated  are  produced  by  the  vibration  of 
one  molecnle  does  not  include  all  the  facts,  the  hypothesis  that  the 
vibrations  are  produced  by  at  least  three  distinct  molecules  includes 
all  the  phenomena  in  a  most  satisfactory  manner. 

Lithium. 

Before  the  maps  of  the  long  and  short  lines  of  some  of  the  chemical 
elements  compared  with  the  solar  spectra,  which  were  published  in 
the  *'  Philosophical  Transactions "  for  1873,  Plate  9,  were  communi- 
cated to  the  Society,  I  very  carefully  tested  the  work  of  prior  observers 
on  the  non-coincidence  of  the  red  and  orange  lines  of  that  metal  with 
the  Frannhofer  lines,  and  found  that  neither  of  them  were  strongly,  if 
at  all,  represented  in  the  sun,  and  this  remark  also  applies  to  a  line  in 
the  blue  at  wave-length  4603. 

The  photographic  lithium  line,  however,  in  the  violet,  has  a  strong 
representative  among  the  Frannhofer  lines. 

Applying,  therefore,  the  previous  method  of  stating  the  facts,  the 
presence  of  this  line  in  the  sun  differentiates  it  from  all  the  others. 
For  the  differentiation  of  the  red  and  yellow  lines  I  need  only  refer  to 
Bnnsen's  spectral  analytical  researches,  which  were  translated  in  the 
'*  Philosophical  Magazine,"  December,  1875. 

In  Plate  4  two  spectra  of  the  chloride  of  lithium  are  given,  one  of 
them  showing  the  red  line  strong  and  the  yellow  one  feeble,  the  other 
showing  merely  a  trace  of  the  red  line,  while  the  intensity  of  the 
yellow  one  is  much  increased,  and  a  line  in  the  blue  is  indicated. 
Another  notice  of  the  blue  line  of  lithium  occurs  in  a  discourse  by 
Professor  Tyndall,  reprinted  in  the  "  Chemical  News/*  and  in  a  letter  of 
Dr.  Frankland's  to  Professor  Tyndall,  dated  November  7, 1861.  This 
letter  is  so  important  for  my  argument  that  I  reprint  it  entire  from 
the  ''Philosophical  Magazine,*'  vol.  xxii,  p.  472  : — 

**  On  throwing  the  spectrum  of  lithium  on  the  screen  yesterday,  I 
was  surprised  to  see  a  magnificent  blue  band.  At  first  I  thought  the 
lithic  chloride  must  be  adulterated  with  strontium,  but  on  testing  it 
with  Steinheil's  apparatus  it  yielded  normal  results  without  any  trace 
of  a  blue  band.  I  am  just  now  reading  the  report  of  your  discourse 
in  the  *  Chemical  News,'  and  I  find  that  you  have  noticed  the  same 
thing.  Whence  does  this  blue  line  arise  ?  Does  it  really  belong  to 
the  lithium,  or  are  the  carbon  points  or  ignited  air  guilty  of  its  pro> 
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dnction  P  I  find  these  blue  bands  with  common  salt,  but  they  have 
neither  the  definiteness  nor  the  brilliancy  of  the  lithium  bcmd.  Wlien 
lithium  wire  burns  in  air  it  emits  a  somewhat  crimson  light ;  plunge 
it  into  oxygen,  and  the  light  changes  to  bluish-white.  This  seems  to 
indicate  that  a  high  temperature  is  necessary  to  bring  out  the  blue 
ray." 

Postscript,  November  22,  1861. — "  I  have  just  made  some  further 
•experiments  on  the  lithium  spectrum,  and  they  conclusively  prove 
that  the  appearance  of  the  blue  line  depends  entirely  on  the  tempera- 
ture. The  spectrum  of  lithic  chloride,  ignited  in  a  Bunsen's  burner 
flame,  does  not  disclose  the  faintest  trace  of  the  blue  line ;  replace  the 
Bunsen's  burner  by  a  jeb  of  hydrogen  (the  temperature  of  which  is 
higher  than  that  of  the  Bunsen's  burner)  and  the  blue  line  appears, 
faint,  it  is  true,  but  sharp  and  quite  unmistakable.  If  oxygen  now 
be  slowly  turned  into  the  jet,  the  brilliancy  of  the  blue  line  increases 
until  the  temperature  of  the  flame  rises  high  enough  to  fuse  the 
platinum,  and  thus  put  an  end  to  the  experiment." 

These  observations  of  Professors  Tyndall  and  Frankland  differen- 
tiate thi&  blue  line  from  those  which  are  observed  at  low  temperatures. 
The  line  in  the  violet  to  which  I  have  already  referred  is  again 
differentiated  from  all  the  rest  by  the  fact  that  it  is  the  only  line  in 
the  spectrum  of  the  sun  which  is  strongly  reversed,  so  far  as  our 
present  knowledge  extends.  The  various  forms  of  lithium,  therefore, 
may  be  shown  in  the  following  manner. 
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It  is  remarkable  that  in  the  case  of  this  body  which  at  relatively 
low  temperature  goes  through  its  changes,  its  compounds  are  broken 
up  at  the  temperature  of  the  Buusen  burner.  The  spectrum,  e.g.  of 
the  chloride,  so  far  as  I  know,  has  never  been  seen. 

Hydrogen. 

All  the  phenomena  of  variability  and  inversion  in  the  order  of  in- 
tensity presented  to  us  in  the  case  of  calcium  can  be  paralleled  by 
reference  to  the  knowledge  already  acquired  regarding  the  speotrom 
of  hydrogen. 

Dr.  Frankland  and  myself  were  working  together  on  the  subject  in 
1869.     In  that  year  ("  Proc.  Boy.  Soc,"  No.  112)  we  pointed  oat 
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that  the  behavionr  of  the  h  line  was  hors  ligne,  and  that  the  whole 
xpectmm  oonld  be  reduced  to  one  line,  F. 

''1.  The  Fraunhofer  line  on  the  solar  spectrum,  named  h  by 
Angstrom,  which  is  due  to  the  absorption  of  hydrogen,  is  not  visible 
in  the  tubes  we  employ  with  low  battery  and  Leyden-jar  power ;  it 
may  be  looked  upoD,  therefore,  as  an  indication  of  relatively  high 
temperature.  As  the  line  in  question  has  been  reversed  by  one  of  us 
in  the  spectrum  of  the  chromosphere,  it  follows  that  the  chromo- 
sphere, when  cool  enough  to  absorb,  is  still  of  a  relatively  high  tem- 
perature. 

"  2.  Under  certain  conditions  of  temperature  and  pressure,  the 
very  complicated  spectrum  of  hydrogen  is  reduced  in  our  instrument 
to  one  line  in  the  green,  corresponding  to  F  in  the  solar  spectrum." 

As  in  the  case  of  calcium  also,  solar  observation  affords  us  most 
precious  knowledge.  The  h  line  was  missing  from  the  protuberances 
in  1875,  as  will  be  shown  from  the  accompanying  extract  from  the 
Report  of  the  Eclipse  Expedition  of  that  year:  — 

"  During  the  first  part  of  the  eclipse  two  strong  protuberances  close 
together  are  noticed  ;  on  the  limb  towards  the  end  these  are  partially 
covered,  while  a  series  of  protuberances  came  out  at  the  other  edge. 
The  strongest  of  these  protuberances  are  repeated  three  times,  an 
effect  of  course  of  the  prism,  and  we  shall  have  to  decide  if  possible 
the  wave-lengths  corresponding  to  the  images.  We  expect  a  priori 
to  find  the  hydrogen  lines  represented.  We  know  three  photographic 
hydrogen  lines :  F,  a  line  near  G,  and  h.  F  is  just  at  the  limit  of 
the  photographic  part  of  the  spectrum,  and  we  find  indeed  images  of 
protuberances  towards  the  less  refrangible  part  at  the  limit  of  photo- 
graphic effect.  For,  as  we  shall  show,  a  continuous  spectrum  in  the 
lower  parts  of  the  corona  has  been  recorded,  and  the  extent  of  this 
continuous  spectrum  gives  us  an  idea  of  the  part  of  the  spectrum  in 
which  each  protuberance  line  is  placed.  We  are  justified  in  assuming, 
therefore,  as  a  preliminary  hypothesis,  that  the  least  refrangible  line 
in  the  protuberance  shown  on  the  photograph  is  due  to  F,  and  we 
shall  find  support  of  this  view  in  the  other  lines.  In  order  to  deter- 
mine the  position  of  the  next  line  the  dispersive  power  of  the  prism 
was  investigated.  The  prism  was  placed  on  a  goniometer  table  in 
minimum  deviation  for  F,  and  the  angular  distance  between  F  and  the 
hydrogen  line  near  G,  i.e.,  H7,  was  found,  as  a  mean  of  several 
measurements,  to  be  8'.  The  goniometer  was  graduated  to  15",  and 
owing  to  the  small  dispersive  power,  and  therefore  relatively  great 
breadth  of  the  slit,  the  measurement  can  only  be  regarded  as  a  first 
approximation.  Turning  now  again  to  our  photographs,  and  cal- 
imlating  the  angular  distance  between  the  first  and  second  ring  of 
protuberances,  we  find  that  distance  to  be  3'  15".  We  conclude, 
therefore,  that  this  pecond  ring  is  due  to  hydrogen.     We,  therefore. 
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naturally  looked  for  the  third  photographic  hydrogen  line,  which  is 
generally  called  A,  but  we  found  no  protuberance  on  cor  photographs 
corresponding  to  that  wave-length.  Although  this  line  is  always 
weaker  than  H7,  its  absence  on  the  photograph  is  rather  surprising,  if 
it  be  not  due  to  the  fact  that  the  line  is  one  which  only  conies  out  at 
a  high  temperature.  This  is  rendered  likely  by  the  researches  of 
Fraukland  and  Lockyer  ("  Proc.  Roy.  Soc,"  vol.  xvii,  p.  453). 

"Wc  now  turn  to  the  last  and  strongest  series  of  protuberances 
shown  on  our  photographs.  The  distance  between  this  series  and  the 
one  we  have  found  reason  for  identifying  with  II7  is  very  little  greater 
than  that  between  H|3  and  H7.  Assuming  the  distances  equal,  we 
conclude  that  the  squares  of  the  inverse  wave-lengths  of  the  three 
series  are  in  arithmetical  progression.  This  is  true  as  a  first  approxi- 
mation. We  then  calculated  the  wave-length  of  this  unknown  line, 
and  found  it  to  be  approximately  somewhat  smaller  than  3,957  tenth- 
metres.  No  great  reliance  can  be  placed,  of  course,  on  the  number, 
but  it  appears  that  the  lino  must  be  close  to  the  end  of  the  visible 
spectrum. 

'*  In  order  to  decide,  if  possible,  what  this  line  is  due  to,  we  endea- 
voured to  find  out  both  by  photography  and  fluorescence  whether 
hydrogen  possesses  a  line  in  that  part  of  the  spectrum.  We  have  not 
at  present  come  to  any  definite  conclusion.  In  vacuum  tubes  pre- 
pared by  Geissler  containing  hydrogen,  a  strong  line  more  refrangible 
than  H  is  seen,  but  these  same  tubes  show  between  H7  and  H5,  other 
lines  known  not  to  belong  to  hydrogen,  and  the  origin  of  the  ultra- 
violet line  is  therefore  difficult  to  make  out.  Wo  have  taken  the  spark 
in  hydrogen  at  atmospheric  pressures,  as  impurities  are  easier  to 
eliminate,  but  a  continuoas  spectrum  extends  over  the  violet  and  part 
of  the  ultra-violet,  and  prevents  any  observation  as  to  lines.  We  are 
going  on  with  experiments  to  settle  this  point. 

'*  Should  it  turn  out  that  the  line  is  not  due  to  hydrogen,  tho  ques- 
tion will  arise  what  substance  it  is  due  to.  It  is  a  remarkable  fact 
that  the  calculated  wave-length  comes  very  close  to  H.  Young  has 
found  that  these  calcium  lines  are  always  reversed  in  the  penumbra 
and  immediate  neighbourhood  of  every  important  sun-spot,  and  caloinm 
must  therefore  go  up  high  into  the  chromosphere.  We  draw  attention 
to  this  coincidence,  but  our  photographs  do  not  allow  us  to  draw  any 
certain  conclusions. 

**At  any  rate,  it  seems  made  out  by  our  photographs  that  the 
photographic  light  of  the  protuberances  is  in  great  part  due  to  an 
ultra-violet  line  which  does  not  certainly  belong  to  hydrogen.  The 
protuberances  as  photographed  by  this  ultra-violet  ray  seem  to  go  np 
higher  than  the  hydrogen  protuberances,  but  this  may  be  due  to  the 
relative  greater  length  of  the  line.*' 

In  my  remarks  upon  calcium  I  have  already  referred  to  the  fact  that 
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the  line  which  our  obeervatioii  led  us  to  believe  was  due  to  calcium  in 
1875,  was  traced  to  that  element  in  this  year's  eclipse.  The  observa- 
tions  also  show  the  curious  connexion  that,  at  the  time  when  tho 
hydrogen  lines  were  most  brilliant  in  the  corona,  the  calcium  lines 
were  not  detected ;  next,  when  the  hydrogen  lines,  being  still  brilliant, 
the  h  line  was  not  present  (a  condition  of  things  which,  in  all  proba- 
bility, indicated  a  reduction  of  temperature),  calcium  began  to  make 
itself  unmistakably  visible ;  and  finally,  when  the  hydrogen  lines  are 
absent^  H  and  K  become  striking  objects  in  the  spectrum  of  the  corona. 
To  come  back  to  h,  then,  I  have  shown  that  Dr.  Frankland  and 
myself,  in  1869,  found  that  it  only  made  its  appearance  when  a  high 
tension  was  employed.  We  have  seen  that  it  was  absent  from  among' 
the  hydrogen  lines  during  the  eclipse  of  1875. 

I  have  now  to  strengthen  this  evidence  by  the  remark  that  it  is 
always  the  shortest  line  of  hydrogen  in  the  chromosphere. 
1  now  pass  to  another  line  of  evidence. 

1  submit  to  the  Society  a  photograph  of  tho  spectrum  of  indium,  in 
which,  as  already  recorded  by  Thalen,  the  strongest  line  is  one  of  the 
lines  of  hydrogen  (A),  the  other  line  of  hydrogen  (near  G)  being 
absent.  1  have  observed  the  C  line  in  the  spark  produced  by  the 
passage  of  an  induced  current  between  indium  poles  in  dry  air. 

As  1  am  aware  how  almost  impossible  it  is  to  render  air  perfectly 
dry,  1  made  the  following  difEerential  experiment.  A  glass  tube  with 
two  platinum  poles  about  half  an  inch  apart  was  employed.  Through 
this  tube  a  slow  current  of  air  was  driven  after  passing  through  a 
(J -tube  one  foot  high,  containing  calcic  chloride,  and  then  through 
sulphuric  acid  in  a  Wolff's  bottle.  The  spectrum  of  the  spark  passing 
between  the  platinum  electrodes  was  then  observed,  a  coil  with  five 
Grove  cells  and  a  medium-sized  jar  being  employed.  Careful  notes 
were  made  of  the  brilliancy  and  thickness  of  the  hydrogen  lines  as 
compared  with  those  of  air.  This  done,  a  piece  of  metallic  indium, 
which  was  placed  loose  in  the  tube,  was  shaken  so  that  one  part  of  it 
rested  against  the  base  of  one  of  the  poles,  and  one  of  its  ends  at  a 
distance  of  a  little  less  than  half  an  inch  from  tho  base  of  the  other 
pole.  The  spark  was  then  passed  between  the  indium  and  the  pla- 
tinum. The  red  and  blue  lines  of  hydrogen  were  then  observed,  both 
by  my  friend  Mr.  G>  W.  Hemming,  Q.C.,  and  myself.  Their  brilliancy 
was  most  markedly  increased.  This  unmistakable  indication  of  the 
presence  of  hydrogen,  or  rather  of  that  form  of  hydrogen  which  gives 
us  the  h  line  alone  associated  into  that  form  which  gives  us  the  blue 
and  red  lines,  showed  us  that  in  the  photograph  we  were  not  dealing 
with  a  physical  coincidence,  but  that  in  the  arc  this  special  form  of 
hydrogen  had  really  been  present ;  that  it  had  come  from  the  indium, 
and  that  it  had  registered  itself  on  the  photographic  plate,  although 
ordinary  hydrogen  persistently   refuses  to  do  so.      Although  I  was 
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satisfied  from  former  experiments  that  occluded  hydrogen  behaves  in 
this  respect  like  ordinary  hydrogen,  I  begged  my  friend,  Mr.  W.  C. 
lioberts,  F.B.S.,  Chemist  to  the  Mint,  to  charge  a  piece  of  palladium 
with  hydrogen  for  me.  This  he  at  once  did  ;  and  I  take  this  present 
opportunity  to  express  my  obligation  to  him.  I  exhibit  to  the  Society 
a  photograph  of  this  palladium  and  of  indium  side  by  side.  It  will  be 
seen  that  one  form  of  hydrogen  in  indium  has  distinctly  recorded 
itself  on  the  plate,  while  that  in  palladium  has  not  left  a  trace.  I 
should  add  that  the  palladium  was  kept  in  a  sealed  tube  till  the 
moment  of  making  the  experiment,  and  that  special  precautions  were 
taken  to  prevent  the  two  pieces  between  which  the  arc  was  taken 
from  becoming  unduly  heated. 

To  sum  up,  then,  the  facts  with  regard  to  hydrogen;  we  have  /' 
differentiated  from  the  other  lines  by  its  appearance  alone  in  indium ; 
by  its  absence  during  the  eclipse  of  1875,  when  the  other  lines  were 
photographed;  by  its  existence  as  a  short  line  only  in  the  chromo- 
sphere of  the  sun,  and  by  the  fact  that  in  the  experiments  of  1869  a 
very  high  temperature  was  needed  to  cause  it  to  make  its  appearance. 

With  regard  to  the  isolation  of  the  F  line  I  have  already  referred  to 
other  experiments  in  1869,  in  which  Dr.  Frankland  and  myself  got  it 
alone.*  I  exhibit  to  the  Society  a  globe  containing  hydrogen,  which 
gives  us  the  F  lino  without  either  the  red  or  the  bine  one. 

The  accompanying  drawing  shows  how  these  lines  are  integrated  in 
the  spectrum  of  the  sun. 

Fig.  6. 
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I  have  other  evidence  which,  if  confirmed,  leads  to  the  conclusion 
that  the  substance  which  gives  us  the  non-reversed  line  in  the  chromo- 
sphere and  the  line  at  1474  of  KirchhofF'a  scale,  termed  the  coronal 
line,  are  really  other  forms  of  hydrogen.  One  of  these  is  possibly 
more  simple  than  that  which  gives  us  h  alone,  the  other  more  complex 
than  that  which  gives  us  F  alone.  The  evidence  on  this  point  is  of 
such  extreme  importance  to  solar  physics,  and  throws  so  much  light 
on  star  structure  generally,  that  I  am  now  engaged  in  discussing  it, 
and  shall  therefore  reserve  it  for  a  special  communication. 

In  the  meantime  I  content  myself  by  giving  a  diagram,  in  which 
I  have  arranged  the  various  groupings  of  hydrogen  as  they  appear  to 

•  Sco  also  Flucker,  *'  Phil.  Trans./'  Part  I,  p.  21. 
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exist,  from  the  regions  of  highest  to  those  of  lowest  temperature  ii» 
our  central  luminary. 
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SwnnuUion  of  the  above  Series  of  Facts. 

I  submit  that  the  facts  above  recorded  are  easily  grouped  together^ 
and  a  perfect  continuity  of  phenomena  established  on  the  hypothesis 
of  successive  dissociations  analogous  to  those  observed  in  the  cases  of 
undoubted  compounds. 

The  other  BrancJ^s  of  the  Inquiry, 

When  we  pass  to  the  other  possible  evolutionary  processes  to  which 
I  have  before  referred,  and  which  I  hope  to  discass  on  a  future 
occasion,  the  inquiry  becomes  much  more  complicated  by  the  extreme 
difficulty  of  obtaining  pure  specimens  to  work  with,  although  I  should 
remark  that  in  the  working  hypothesis  now  under  discussion  the 
cause  of  the  constant  occurrence  of  the  same  substance  as  an  impurity 
in  the  same  connexion  is  not  far  to  seek.  I  take  this  opportunity  of 
expressing  my  obligations  to  many  friends  who  have  put  themselves 
to  great  trouble  in  obtaining  specimens  of  pure  chemicals  for  me 
during  the  whole  continuance  of  my  researches.  Among  these  I  must 
mention  Dr.  Bassell,  who  has  given  me  many  specimens  prepared  by 
the  lamented  Matthiessen,  as  well  as  some  of  cobalt  and  nickel  pre> 
])ared  by  himself ;  Professor  Roscoe,  who  has  supplied  me  with  vana- 
dium and  csBsium  alum ;  Mr.  Crookes,  who  has  always  responded  to 
my  call  for  thallium ;  Mr.  Roberts,  chemist  to  the  Mint,  who  has 
supplied  me  with  portions  of  the  gold  and  silver  trial  plates  and 
some  pieces  of  palladium ;  Dr.  Hugo  Miiller,  who  has  furnished  me 
with  a  large  supply  of  el ectrolitically- deposited  copper ;  Mr.  Holtz- 
man,  who  has  provided  me  with  cerium,  lanthanum,  and  didymiuni 
prepared  by  himself ;  Mr.  George  Matthey,  of  the  well-known  metal- 
lurgical firm  of  Johnson  and  Matthey,  who  has  provided  me  with 
magnesium  and  aluminium  of  marvellous  purity ;  while  to  Mr.  Valen- 
tin, Mr.  Mellor,  of  Salford,  and  other  friends,  my  thanks  are  due  for 
other  substances. 

I  have  already  pointed  out  that  a  large  portion  of  the  work  done  in 
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the  last  four  years  has  consisted  in  the  elimination  of  the  efEects  of 
impurities.  I  am  therefore  aware  of  the  great  necessity  for  caution 
in  the  spectroscopic  examination  of  yariou^  substances.  There  is, 
however,  a  number  of  bodies  which  permit  of  the  inquiry  into  their 
simple  or  complex  nature  being  made  in  such  a  manner  that  the 
presence  of  impurities  will  be  to  a  certain  extent  negligable.  I  have 
brought  this  subject  before  the  Royal  Society  at  its  present  stage  in 
the  hope  that  possibly  others  may  be  induced  to  aid  inquiry  in  a 
region  in  which  the  work  of  one  individual  is  as  a  drop  in  the  ocean. 
If  there  is  anything  in  what  I  have  said,  the  spectra  of  all  the  ele- 
mentary substances  will  require  to  be  re-mapped — and  re-mapped 
from  a  new  standpoint ;  further,  the  arc  must  replace  the  spark,  and 
photography  must  replace  the  eye.  A  glance  at  the  red  end  of  the 
spectrum  of  almost  any  substance  incandescent  in  the  voltaic  arc  in  a 
spectroscope  of  large  dispersion,  and  a  glance  at  the  maps  prepared 
by  such  eminent  observers  as  Huggins  and  Thal6n,  who  have  used 
the  coil,  will  give  an  idea  of  the  mass  of  facts  which  have  yet  to  be 
recorded  and  reduced  before  much  further  progress  can  be  made. 

In  conclusion,  I  would  state  that  only  a  small  part  of  the  work  to 
which  I  have  drawn  attention  is  my  own.  In  some  cases  I  have 
merely,  as  it  were,  codified  the  work  done  by  other  observers  in  other 
countries.  With  reference  to  that  done  in  my  own  laboratory  I  may 
here  repeat  "vvhat  I  have  said  before  on  other  occasions,  that  it  is 
largely  due  to  the  skill,  patience,  and  untiring  zeal  of  those  who  have 
assisted  me.  The  burthen  of  the  final  reduction,  to  which  I  have 
before  referred,  has  fallen  to  Mr.  Miller,  my  present  assistant ;  while 
the  mapping  of  the  positions  and  intensities  of  Ibe  lines  was  done  by 
Messrs.  Friswell,  Meldola,  Ord  and  Starling,  who  have  successively 
filled  that  post. 

I  have  to  thank  Corporal  E wings,  B.E.,  for  preparing  the  various 
diagrams  which  I  have  submitted  to  the  notice  of  this  Society. 


Beceiriber  19,  1878. 
W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
ihem. 

The  following  Papers  were  read : — 
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I.  **  Note  of  an  Experiment  on  the  Spectrum  of  the  Electric 
Discharge/'  By  the  Hon.  Sir  W.  R.  Grove,  D.C.L., 
V.PJI.S.     Communicated  December  19,  1878. 

The  di&renoe  between  the  appearances  at  the  positive  and  negative 
terminal  nrhich  an  electric  discharge  presents  in  vacnum  tubes  has 
struck  many  observers.  The  negative  terminal  is  surrounded  in  what 
is  called  an  air  vacuum  with  a  blue  glow  extending  to  a  considerable 
distance  from  the  platinum  wire,  and  is  generally  bounded  by  a  dark 
space  separating  it  from  the  crimson  light  of  the  positive  wire ;  it  is 
affected  by  the  magnet,  the  light  following  the  direction  of  the  magnetic 
curves,  and  a  deposit  of  platinum  on  the  glass  tube  appears  in  time  in 
the  vicinity  of  the  negative  which  is  absent  at  the  positive  terminal. 
I  do  not  propose  to  enter  more  fully  on  these  distinctions  which  have 
been  largely  experimented  on  by  M.  Ghissiot,  Professor  PlUcker,  and  to 
some  extent  by  myself.  The  recent  announcement  of  Mr.  Norman 
Lockyer  of  observations  on  the  spectra  of  bodies  which  were  assumed 
to  be  elementary,  but  which  showed  lines  seeming  to  denote  that  they 
were  compound,  led  me  to  repeat  some  old  experiments  of  mine  on  the 
spectrum  of  the  electric  discharge,  one  result  of  which  1  have  ventured 
to  communicate  to  the  Royal  Society.  I  had  intended  to  mention 
them  in  the  discussion  of  Mr.  Lockyer's  paper,  but  was  not  able 
to  be  present  at  it. 

On  November  24th  last  I  examined,  with  a  small  spectroscope,  by 
Browning,  the  electric  discharge  in  some  Geissler's  air  vacuum  tubes, 
three  of  which  I  possessed.  In  these,  which  were  of  different  shapes 
and  sizes,  the  effects  were  the  same.  The  globes  into  which  the 
negative  wire  protruded  were  filled  with  a  blue  light  more  diffused  as 
it  became  more  distant  from  the  wire.  The  rest  of  the  tube  was  filled 
with  a  crimson  light  appearing  to  issue  from  the  positive  wire,  and  this 
Hght  was  striated  in  the  narrow  parts  of  the  tabes. 

The  spectrum  from  what  I  will  call  the  positive  light  presented  a 
series  of  numerous  and  variously  coloured  bands  not  greatly  differing 
in  brightness,  and  showing  what  has  been  called  the  fluted  or  channelled 
spectrum.  The  spectrum  of  the  negative  light  was  extremely  different. 
Four  bright  lines  divided  the  spectrum,  viz.,  yellow,  green,  blue,  and 
violet  respectively,  the  distance  between  them  increasing  towards  the 
violet  end.  There  was  also  a  faint  line  at  the  extreme  red,  and  the  red 
end  of  the  spectrum  was  divided  into  two  different  tints,  terminating 
with  the  bright  yellow  line.  In  the  positive  spectrum  there  was  a  wide 
black  band,  apparently  an  absorption  band,  overlapping  the  yellow 
&nd  a  portion  of  the  orange  space. 

On  looking  for  a  longer  time  at  the  spectrum  of  the  negative  light, 
my  eye  becoming  more  accustomed  to  it,  I  became  able  to  detect  other 
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bands  between  the  bright  lines,  and  on  attaching  a  small  prism  (with 
which  the  spectroscope  was  provided)  in  front  of  the  slit,  so  that  the 
separate  spectra  of  the  positive  and  negative  lights  could  be  juxta- 
posed, I  could  trace  several  of  the  bands  which  appeared  quite 
distinctly  in  the  positive  spectrum,  into  the  negative  one ;  but  in  the 
latter  they  were  very  faint,  while  the  converse  case  obtained  with  the 
four  bright  lines  I  have  mentioned,  which  were  brilliant  in  the  negative 
spectrum  and  faint  or  normal  in  the  positive. 

Although  the  four  bright  lines  standing  out  in  strong  relief  in  ih» 
negative  spectrum  was  the  more  striking  phenomenon  to  the  eye,  yet> 
the  black  band  in  the  positive  appearing  in  the  space  corresponding  to 
the  bright  yellow  light  in  the  negative  spectrum  is  equally  or  possibly 
more  important. 

The  positive  light,  far  the  brightest  to  the  eye,  is  difiFused  into  e^ 
fluted  spectrum  of  substantially  equal  intensity  throughout,  while  the 
negative  dim  light  is  concentrated  into  brilliant  lines  of  intense  lumi- 
nosity. 

Another  tube  in  which  the  vacuum  was,  I  have  no  doubt,  prodaoed 
by  the  absorption  of  carbonic  acid  by  potash,  and  which  may  be 
called  a  carbonic  acid  vacuum,  gave  a  very  different  result  from  the 
three  I  have  mentioned.  In  it  the  light  throughout  was  striated  and 
blue,  or  bluish,  with  a  sh'ght  purple  tinge  pervading  the  n^ative  ^ow. 
With  this  tube  the  spectra  were  strikingly  different  from  those  in  the 
air  vacuo.  There  were  in  the  negative  spectrum  of  this  tube  six 
bright  lines,  viz.,  extreme  red^  orange,  greenish-yellow,  green,  greenish- 
blue,  and  violet.  The  same  lines  with  one  exception  were  visible  and 
equally  prominent  throughout  the  whole  of  the  tube.  That  exception, 
which  was  noticed  by  Dr.  Frankland,  to  whom  I  showed  my  experi- 
ments, was  the  extreme  red  line  which  was  apparent  only  in  the 
spectrum  from  the  negative  glow. 

On  juxtaposing,  by  means  of  the  prism,  this  spectrum  with  the 
spectrum  of  the  negative  light  in  an  air  vacuum  tube,  one  only  of  the 
lines  coincided,  viz.,  the  green  line,  the  others  were  in  entirely  distinct 
parts  of  the  spectrum  ;  this  was  to  be  expected,  as  the  one  tube  would 
give  mainly  a  nitrogen  spectrum,  the  other  a  carbonic  oxide  one. 

I  have  long  been  convinced,  and  this  is  now,  I  believe,  the  prevalent 
opinion,  that  the  light  of  the  electric  discharge  is  an  incandescence 
of  the  intermedium  through  which  it  passes,  and  of  the  terminals 
themselves  (see  "  Correlation  of  Physical  Forces,"  6th  edit.,  pp.  75, 
ef  seq,). 

If  this  be  so,  then,  the  above  experiments,  i.e.,  those  on  the  positive 
and  negative  spectra  in  the  same  tube,  must  be  either  different  spectra 
of  the  same  incandescent  substances,  or  the  attenuated  gases  must  be 
differently  decomposed  or  united  in  the  different  parts  of  the  tube,  or 
a  different  character  of  electric  polarity  must  ensue  in  the  poeitiTe 
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and  negative  portions  of  the  gas.  The  first  of  the  above  conditioz» 
can  only  resnlt  from  difference  of  heat,  which  is  known  to  produce 
different  spectra  from  the  same  gas.  1  do  not  think  the  effects  are  dne 
to  difference  of  temperature.  It  is  true  that  the  negative  electrode  is 
more  heated  than  the  positive  in  the  electric  discharge  in  vacuo,,  but 
ibe  heat  disseminated  by  it  throughout  the  negative  glow  produces  in 
its  totality  but  a  slight  rise  in  temperature  throughout  the  volume  of 
the  negative  glow. 

1st.  If  it  be  the  effect  of  heat  it  must  be  what  may  be  termed  mole- 
cular heat,  as  the  change  in  the  character  of  the  spectrum  being  com- 
paratively sudden  between  the  negative  and  positive  light  is  against 
the  phenomena  being  caused  by  chuige  of  temperature  throughout. 

2ndly.  Is  it  caused  by  chemical  decomposition  ?  This  is  possible, 
but  a  different  chemical  effect  pervading  two  definite  portions  of  the 
electric  discharge  is  a  new  effect  and  not  to  be  hastily  assumed.  I 
have  shown  (*'  Phil.  Trans.,"  1852)  that  the  electric  discharge  has  an 
electro-chemical  polarity  when  acting  on  attenuated  gases,  the  positive 
terminal  producing  an  oxidating,  and  the  negative  a  deoxidating  effect ; 
but  this  effect  in  my  experiments  only  manifested  itself  at  the  terminals, 
al^ough  it  may  molecularly  pervade  the  gas. 

3rdly.  Is  it  due  to  electric  polarity  ?  I  incline  to  think  it  is,  but  to 
a  polarity  so  affecting  the  molecules  of  the  gas,  that,  if  not  actually 
decomposed,  they  have  something  like  a  chemical  polarity  impressed 
upon  them.  This  would  to  some  extent  favour  Mr.  Lockyer's  view, 
though  not  supporting  it  to  its  full  extent. 

The  results  may  help  to  explain  the  phenomena  observed  in  some 
stars  where  one  or  more  lines  belonging  to  the  spectrum  of  a  given 
ttnbetance  is  observed,  while  others  are  wanting ;  and  if  stars  have  their 
atmospheres  in  a  state  of  electric  polarity,  as  is  to  some  extent  the  case 
with  this  earth,  or  of  electric  discharge,  as  is  the  case  with  this  earth 
when  the  Aurora  Borealis  or  Australis  is  visible,  the  spectra  would  differ 
more  or  less  from  those  normally  observed  here.  If  the  spectrum  of 
the  negative  light  were  examined  through  a  series  of  prisms,  there  can, 
I  think,  be  little  doubt  that  the  very  faint  intermediate  lines  would 
be  obliterated  by  absorption  in  passing  through  the  glasses,  while  the 
bright  lines  would  remain,  and  thus  the  spectrum  of  a  nebula  would 
be  presented ;  but  it  would  be  but  a  partial  representation  of  the  true 
spectrum,  and  the  line  spectrum  seen  in  the  nebulas  may  thus  be  a 
partial  spectrum. 

P.S.    December  23. 

My  attention  has  been  called  to  Mr.  De  La  Rue's  paper  recently 
printed  in  the  "  Phil.  Trans.,"  which,  although  he  kindly  sent  me  a 
copy,  I  had  not  read  when  I  made  the  above  communication.   He  finds 
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in  the  spectra  of  hydrogen  vacua  a  notable  difEerence  in  the  lines 
Been  in  the  negative  light,  Bometimes  all  and  sometimes  only  one  of 
the  recognised  lines  of  hydrogen  being  visible  in  that,  and  in  many 
cases  not  visible  in  other  parts  of  the  tube.  I  had  tried  an  experi- 
ment with  a  hydrogen  vacnnm  tube  of  Geissler;  bnt  in  that  the 
difference  was  but  slight  between  the  positive  and  negative  lights, 
though  it  was  very  great  between  the  light  in  the  narrow  central  part 
of  the  tube  and  in  the  wide  portions  on  each  side  of  it,  the  orimBon 
light  in  the  narrow  tube  giving  a  brilliant  three-line  spectrum,  and  the 
blue  light,  both  on  the  positive  and  negative  side,  giving  a  compara- 
tively  dim  fluted  spectrum  of  many  bands.  The  difference  between 
the  light  of  narrow  and  wide  parts  of  the  vacuum  tubes  has,  I  believe, 
been  noticed ;  it  is  in  this  case  the  converse  of  the  effects  observed  by 
me  in  the  air  vacuum. 


II.  **  On  the  Precession  of  a  Viscous  Spheroid,  and  on  the  Re- 
mote History  of  the  Earth."  By  George  H.  Darwin,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  Communicated  by 
J.  W.  L.  Glaisher,  F.R.S.    Received  July  22, 1878. 

(Abstract.) 

This  paper  is  a  continuation  of  a  previous  one  on  the  bodily  tides  of 
homogeneous  viscous  spheroids  (read  on  May  23rd),  and  it  contains 
the  investigation  of  the  rotation  of  such  a  body  as  modified  by  the 
tides  raised  in  it  by  external  disturbing  bodies.  The  earth  is  taken  as 
the  type  of  the  rotating  body,  and  the  sun  and  moon  as  types  of  the 
disturbing  ones ;  this  plan  not  only  affords  a  useful  vocabulary,  bat 
permits  an  easy  transition  from  questions  of  abstract  dynamics  to  those 
of  direct  applicability  to  the  physical  history  of  the  earth. 

In  the  paper  on  tides  it  was  shown  that,  if  the  disturbing  influence 
be  expressed  as  a  potential,  which  is  expanded  as  a  series  of  solid 
harmonics,  each  multiplied  by  a  simple  time  harmonic,  then  each  anch 
term  in  the  expansion  corresponds  with  a  tide  in  a  viscous  or  im« 
perfectly  elastic  sphere,  which  is  independent  of  the  tides  corresponding 
to  all  other  terms.  Also  the  height  of  every  such  tide  is  expressible 
as  a  fraction  of  the  corresponding  equilibrium  tide  of  a  perfectly  flud 
spheroid,  and  the  tide  is  subject  to  a  retardation  which  is  a  function 
of  the  frequency  of  the  generating  term,  and  of  the  constants  ex* 
pressive  of  the  physical  constitution  of  the  distorted  spheroid. 

The  case  of  the  moon,  supposed  to  move  in  a  circular  orbit  in  the 
ecliptic,  is  treated  first.  The  tide  generating  potential  of  that  body 
(of  the  type  cos'— ^*)  has  first  to  be  expanded  in  the  desired  form; 

*  Terms  of  higher  orders  are  shown  to  bo  negligeable. 
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and  then  a  formula  expressiye  of  the  shape  of  the  distorted  spheroid 
may  be  at  once  written  down. 

The  spheroid  or  earth  is  fonnd  to  be  distorted  by  tides  of  seven 
different  periods ;  three  nearly  semi-diurnal,  three  nearly  diurnal,  and 
one  fortnightly  tide. 

Each  such  tide  has  a  height  which  is  a  different  fraction  of  the 
corresponding  equilibrium  tide  of  a  perfectly  fluid  spheroid,  and  is 
differently  altered  in  phase.  Throughout  nearly  the  whole  investiga- 
tion it  is,  however,  sufficiently  accurate,  if  the  three  semi-diurnal  tides 
are  grouped  together,  and  so  also  with  the  three  diurnal  tides  ;  by  this 
approximation  the  earth  is  regarded  as  distorted  by  only  three  tides. 

The  next  process  is  the  formation  of  the  couples  acting  on  the  earth, 
which  are  caused  by  the  attraction  of  the  moon  on  the  several  tidal 
protuberances.  In  the  development  of  these  couples  only  those  terms 
are  retained  which  can  give  rise  to  secular  alterations  in  the  precession, 
the  obliquity  to  the  ecliptic,  and  the  length  of  day.  These  expressions 
are  then  substituted  in  the  differential  equations  of  motion,  and  the 
equations  are  integrated ;  whence  follow  the  correction  to  the  uniform 
precession  of  the  earth  considered  as  a  rigid  body,  and  differential 
equations  expressive  of  the  rate  of  change  of  obliquity,  and  the  rate  of 
retardation  of  the  earth's  diurnal  rotation. 

It  appears  that,  if  the  tides  do  not  lag  (as  with  a  perfectly  fluid  or 
perfectly  elastic  spheroid),  the  obliquity  and  rotation  are  unaffected, 
and,  whether  they  lag  or  not,  the  correction  to  the  precession  is  but  a 
small  fraction  of  the  whole  precession. 

Henceforth  it  is  only  the  changes  of  obliquity  and  rotation  which 
are  of  interest. 

A  second  disturbing  body— the  sun — is  now  introduced.  A  new  set 
of  bodily  lides  are  of  course  raised,  and  the  expressions  for  the  couples 
are  augmented  by  the  addition  of  solar  terms,  and  also  by  terms  de- 
pending on  the  attraction  of  the  sun  on  the  lunar  tides  and  the  moon 
on  the  solar  tides.  It  seems  paradoxical  that  there  should  be  these 
combined  effects,  for  the  sun's  and  moon's  periods  have  no  common 
multiple.  But,  as  far  as  concerns  their  interaction,  the  sun  and  moon 
may  be  conceived  to  be  replaced  by  two  annular  satellites  of  masses 
equal  to  those  of  the  two  bodies.  The  combined  effects  vanish  with 
the  obliquity,  and  depend  solely  on  those  tides  which  run  through 
their  periods  in  a  sidereal  day,  and  in  twelve  sidereal  hours.  Up  to 
this  point  all  the  analysis  is  conducted  so-  that  the  solutions  may  be 
applied  either  to  a  viscous,  elastic,  or  imperfectly  elastic  spheroid. 

In  the  case  where  the  earth  is  purely  viscous  a  graphical  examina- 
tion of  the  equation,  giving  the  rate  of  change  of  obliquity,  shows  that 
the  obliquity  sometimes  tends  to  increase  and  sometimes  to  diminish, 
acoording  as  the  obliquity  and  viscosity  vary.  There  are  also  a  number 
of  positions  of  dynamical  equilibrium,  some  stable  and  some  unstable ; 
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bnt  it  would  be  necessary  to  give  a  figure,  and  to  go  into  details,  to 
give  the  resalts  satisfactorily. 

A  similar  examination  of  the  eqnation,  giving  the  retardation  of  the 
earth's  rotation,  shows  that  there  is  not  so  mnch  varietj  of  result^  for 
the  tidal  friction  always  tends  to  retard  the  earth. 

This  completes  the  consideration  of  the  instantaneous  effects  on  the 
earth,  and  the  next  point  demanding  attention  is  the  reaction,  which 
the  bodily  tides  have  upon  the  disturbing  bodies. 

The  problem  is  solved  by  the  consideration  that  however  the  three 
bodies  may  interact  the  resultant  moment  of  nK)mentum  of  the  moon- 
earth  system  remains  constant,  except  in  so  far  as  it  is  affected  by  the 
sun*s  action  on  the  earth.  The  application  of  this  principle  resalts  in 
an  equation  giving  the  rate  of  increase  of  the  square  root  of  the  moon*B 
distance  in  terms  of  the  heights  and  retardations  of  the  several  bodily 
tides  on  the  earth ;  it  appears  that  all  the  tides,  except  the  fortnightly 
one,  tend  to  make  the  moon's  distance  increase  with  the  time,  but  the 
fortnightly  tide  acts  in  the  opposite  direction ;  its  effect  is,  however, 
in  general  very  small  compared  with  that  of  the  other  tides.  It  is 
proved,  also,  that  the  tidal  reaction  on  the  sun,  which  g^oes  to  modify 
the  earth's  orbit,  has  quite  insignificant  effects,  and  may  be  neglected. 

I  will  now  show,  from  geometrical  considerations,  how  some  of  the 
results  previously  stated  come  to  be  true.  It  will  not,  however,  be 
possible  to  obtain  a  quantitative  estimate  in  this  way. 

The  throe  following  propositions  do  not  properly  belong  to  an 
abstract,  since  they  are  not  given  in  the  paper  itself;  they  merely 
partially  replace  the  analytical  method  pursued  therein.  The  results 
of  the  analysis  were  so  wholly  unexpected  in  their  variety,  that  I  have 
thought  it  well  to  show  that  the  more  important  of  them  were  con- 
formable to  common  sense.  These  general  explanations  might  doubt- 
less be  multiplied  by  some  ingenuity,  but  it  would  not  have  been  easy 
to  discover  the  results,  unless  the  way  had  been  first  shown  by  analysis. 

Prop.  I.  If  the  viscosity  be  small  the  earth* s  obliquity  increcueSj  the  rotOf 
Hon  is  retarded^  and  the  moon^s  distance  and  periodic  time  inereaee. 

The  figure  represents  the  earth  as  seen  from  above  the  South  Pole, 
BO  that  S  is  the  Pole,  and  the  outer  circle  the  Equator.  The  earth's 
rotation  is  in  the  direction  of  the  curved  arrow  at  S.  The  half  of  the 
inner  circle  which  is  drawn  with  a  full  line  is  a  semi-small-circle  of  S. 
lat.,  and  the  dotted  semi-circle  is  a  semi-small-circle  in  the  same  N.  lat. 

Generally  dotted  lines  indicate  parts  of  the  figure  which  are  below 
the  plane  of  the  paper. 

It  will  make  the  explanation  somewhat  simpler,  if  we  suppose  the 
tides  to  be  raised  by  a  moon  and  anti-moon  diametrically  opposite  to 
one  another.  Then  let  M  and  M'  be  the  projections  of  the  moon  and 
anti-moon  on  to  the  terrestrial  sphere. 
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If  the  Babfltuice  of  the  eartli  were  a  perfect  fluid  or  perfectly  elastic, 
the  apices  of  the  tidal  Bpheroid  woald  be  at  U  and  M'.  If,  hoirever, 
there  is  internal  frictioa  due  to  Any  sort  of  viscosity,  the  tides  will  lag, 
and  we  may  suppose  the  tidal  apices  to  be  at  T  and  T'. 

Now,  suppose  the  tidal. protaberances  to  be  replaced  by  two  equal 
heavy  particles  at  T  and  T',  which  are  instantaneously  rigidly  oon- 
nected  with  the  earth.  Then  the  attraction  of  the  moon  on  T  is 
gresier  than  on  T' ;  and  of  the  auti-moou  on  T'  is  greater  than  oti  T. 
The  resoltant  of  these  forces  is  clearly  a  pair  of  forces  acting  on  the 
earth  in  the  direction  of  TM,  TM'. 

The  effect  on  the  obliquity  will  be  considered  first. 

These  forces  TM,  TM',  clearly  cause  a  couple  about  the  axis  in  the 
equator,  which  lies  in  the  same  meridian  as  the  moon  and  anti-moon. 
The  direction  of  the  couple  is  shown  by  the  curved  arrows  at  L,  L'. 


Now,  if  the  effects  of  this  couple  be  compounded  with  the  existing 
rotation  of  the  earth,  according  to  the  principle  of  the  gyroscope,  it 
will  be  seen  that  the  South  Pole  S  tends  to  approach  M,  and  the 
North  Pole  to  approach  TA'.  Hence  supposing  the  moon  to  move  m 
the  ecliptic,  the  inclinatioa  of  the  earth's  axis  to  the  ecliptic  dimi- 
nishes, or  the  obliquity  increases. 

Next,  the  forces  TM,  T'M',  clearly  produce  a  couple  about  the 
earth's  polar  axis,  which  tends  to  retard  the  diurnal  rotation. 

lAstly,  since  action  and  reaction  are  equal  and  opposite,  and  since  the 
moon  and  anti-moon  cause  the  forces  TM,  T'M',  on  the  earth,  therefore 
tiie  earth  must  cause  forces  oa  those  two  bodies  (or  on  their  equiva- 
lent single  moon)  in  the  directions  MTandM'T'.  These  forces  are 
ia  the  direction  of  the  moon's  orbitual  motion,  and  therefore  her 
linear  velocily  ia  augmented.  Since  the  centrifugal  force  of  her  or- 
bitnal  motion  must  remain  constant,  her  distance  increases,  and  with 


188  Mr.  G.  H.  Darwiii  on  [Dec.  19, 

the  increaee  of  disttmco  comes  an  increaao  of  periodic  time  roand  the 
eartli. 

This  general  explanation  remains  a  tair  representation  of  the  state 
of  the  case  so  long  as  the  different  harmonic  constituents  of  the  oggi^ 
gat«  tide- wave  do  not  suffer  very  different  amounts  trf  retArdations; 
and  this  is  the  cose  bo  long  as  the  viscosity  is  not  great. 

Prop.  II.  The  aUraetwn  of  the  moon  on  a  lagging  foriaighltt/  tiUs  eowet 
the  earth's  obUquity  to  diminish,  tntt  doe*  not  affect  the  dimmal  nfa- 
tiiM ;  the  reaction  on  the  thooh  cautes  a  diminution  of  h«r  dittoHM, 
and  periodic  time. 

The  fortnightly  tide  of  a  perfectly  flnid  earth  is  a  periodic  JTininsin 
and  dimination  of  the  ellipticity  of  figure ;  the  increment  of  elip- 
ticity  varies  as  the  square  of  the  sine  of  the  obtiqui^  of  the  equator 
to  the  ecliptic,  and  as  the  cosine  of  twice  the  moon's  longitude  hvm 
her  node.  Thus  the  ellipticity  is  greatest  when  the  moon  is  in  lier 
nodes,  and  least  when  she  is  90°  removed  froTn  them. 

In  a  lagging  fortnightly  tide  the  elliptici^  is  greatest  some  tiros 
after  the  moon  has  passed  the  nodes,  and  least  on  equal  time  after  she 
has  passed  the  point  90°  removed  from  them. 

The  effects  of  this  alteration  of  shape  may  be  obtwDed  by  snhsti- 
tnting  for  these  variations  of  elliptioity  two  ottiaotive  or  repulsive 
particles,  one  at  the  North  Pole  and  the  other  at  the  South  Pole  of  the 
earth.  These  particles  tnnst  be  supposed  to  wax  and  wane,  so  that 
when  the  real  ellipticity  of  figure  is  greatest  they  have  their  TTn^Tifnnm 
repulsive  power,  and  when  least  they  have  their  maTimnm  attractive 
power ;  and  their  positive  and  negative  maxima  are  equal. 

We  will  now  take  the  extreme  case  when  the  obUqaity  is  90° ;  this 
makes  the  fortnightly  tide  as  large  as  possible. 


m 


Let  the  plane  of  the  paper  be  that  of  the  ecliptic,  and  let  the  outer 
semicircle  be  the  moon's  orbit,  which  she  describee  in  the  direction  of 
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the  arrows.  Let  NS  be  the  earth's  axis,  which  lies  by  hTpothesis  in 
the  ecliptic,  and  let  LL'  be  the  nodes  of  the  orbit.  Let  N  be  the 
jN'orth  Pole ;  that  is  to  saj,  if  the  earth  were  turned  about  the  line  LL', 
BO  that  N  rises  above  the  plane  of  the  paper,  the  earth's  rotation  would 
be  in  the  same  direction  as  the  moon's  orbitual  motion. 

First  consider  the  case  where  the  earth  is  perfectly  fluid,  so  that  the 
tides  do  not  lag. 

Let  ms,  fii4  be  points  in  the  orbit  whose  longitudes  are  45°  and  135°; 
and  suppose  that  couples  acting  on  the  earth  about  an  axis  at  O  perpen- 
dicnlar  to  the  plane  of  the  paper  are  called  positive  when  they  are  in 
the  direction  of  the  curved  arrow  at  O.  Then,  when  the  moon  is  at 
fHi  the  particles  at  N  and  S  have  their  maximum  repulsion.  But  at 
this  instant  the  moon  is  equidistant  from  both,  and  there  is  no 
couple  about  O.  As,  however,  the  moon  passes  to  m^  there  is  a 
positive  couple,  which  vanishes  when  the  moon  is  at  mj,  because  the 
particles  have  waned  to  zero.  From  m%to  niz  the  couple  is  negative ; 
from  mttomi  positive ;  and  from  mi  to  m^  negative.  Now,  the  couple 
goes  through  just  the  same  changes  of  magnitude,  as  the  moon  passes 
from  mi  to  m^,  as  it  does  while  the  moon  passes  from  mi  to  m^  but  in 
the  reverse  order ;  the  like  may  be  said  of  the  arcs  mtmt  and  ntsm^. 
EEence  it  follows  that  the  average  effect,  as  the  moon  passes  through 
half  its  course,  is  nil,  and  therefore  there  can  be  no  secular  change  in 
the  position  of  the  earth's  axis. 

But  now  consider  the  case  when  the  tide  lags.  When  the  moon  is 
at  Ml  the  couple  is  zero,  because  she  is  equally  distant  from  both 
particles.  The  particles  have  not,  however,  reached  their  maximum 
of  repulsiveness ;  this  they  do  when  the  moon  has  reached  Mi,  and 
they  do  not  cease  to  be  repulsive  until  the  moon  has  reached  Mj. 
Hence»  during  the  description  of  the  arc  miMj,  the  couple  round  0  is 
positive. 

Throughout  the  arc  Mams  the  couple  is  negative,  but  it  vanishes 
when  the  moon  is  at  m^  because  the  moon  and  the  two  particles  are  in 
a  straight  line.  The  particles  reach  their  maximum  of  attractiveness 
when  the  moon  ia  at  Ms,  and  the  couple  continues  to  be  positive  until 
the  moon  is  at  M«. 

Lastly,  during  the  description  of  the  arc  M^nis  the  couple  is  negative. 

But  now  there  is  no  longer  a  balance  between  the  arcs  m^2  and 
^ms,  nor  between  M«m»  and  yAsMa.  The  arcs  during  which  the  couples 
^i^  positive  are  longer  and  the  couples  are  more  intense  than  in  the 
''^Bst  of  the  semi<»rbit.  Hence  the  average  effect  of  the  couples  is  a 
positive  couple,  that  ia  to  say,  in  the  direction  of  the  curved  arrow 
'ound  O. 

It  may  be  remarked  that  if  the  arcs  miMi,  ^n^Ms,  mjMs,  mJA^  had 
Wi  45^,  there  would  have  been  no  negative  couples  at  all,  and  the 
podtive  oonplee  would  merely  have  varied  in  intensity. 
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Now,  a  couple  ronud  0  in  the  direction  of  the  arrow,  when  com- 
bined witb  the  earth's  rotation,  wonld,  according  to  the  principle  of 
the  gyroscope,  cause  the  pole  H  to  rise  above  the  plane  of  the  paper, 
that  is  to  say,  the  obliquity  of  the  ecliptic  would  diminish.  The  same 
thing  would  happen,  but  to  a  Iras  extent,  if  the  obliquity  had  been  leu 
than  90°  ;  it  would  not,  however,  be  nearly  so  easy  to  show  this  from 
general  coDsideratioDS. 

Since  the  forces  which  act  on  the  earth  always  pass  through  N  and  8, 
therefore  there  can  be  no  moment  about  the  axis  NS,  and  the  rotati«i 
about  that  axiq  remaine  anaSected.  This  can  hardly  be  said  to  amonnt 
to  strict  proof  that  the  diomal  rotation  is  nnaffected  by  the  fortnightly 
tide,  because  it  has  not  been  rigorously  shown  that  the  two  particles  at 
N  and  S  are  a  complete  equivalent  to  the  varying  ellipticity  of  figure. 
Lastly,  the  reaction  on  the  moon  must  obvionaly  be  in  the  opposite 
direction  to  that  of  the  curved  arrow  at  0  ;  therefore  there  is  a  force 
retarding  her  linear  motion,  the  effect  of  which  is  a  diminution  of  her 
distance  and  of  her  periodic  time. 

The  fortnightly  tidal  effect  must  be  far  more  efficient  fur  very  great 
viscosities  than  for  small  ones,  for,  unless  the  viscosity  is  veiy  great, 
the  substance  of  the  spheroid  has  time  to  behave  sensibly  like  a  perfeol 
fluid,  and  the  tide  hardly  lags  at  all. 

Prop.  III.  An  annular  gatellite  not  parcdlel  to  the  planet't  equator 
attracts  the  lagging  tides  raised  by  it,  an  at  to  diminith  the  inelinaiim 
of  the  planet't  equator  to  the  plane  of  the  ring,  and  to  diminiih  tit 
planet's  rotation.  The  effects  of  Ike  joint  action  of  sun  and  km* 
may  be  explained  from  this. 

Suppose  the  figure  to  represent  the  planet  as  seen  from  vertically 
over  the  South  Pole  S ;  let  LL'  be  the  nodes  of  the  ring,  and  LBL' 
the  projection  of  half  the  ring  on  to  the  planetary  sphere. 


E 


If  the  planet  were  perfectly  fluid  the  attraction  of  the  ring  n 
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luce  a  ridge  of  eleyation  all  along  the  neighboarhood  of  the  arc 
J ,  together  with  a  compression  in  the  direction  of  an  axis  perpen- 
lar  to  the  plane  of  the  ring.  This  tidal  spheroid  may  be  conceived 
e  replaced  by  a  repulsive  particle  placed  at  P,  the  pole  of  the  ring, 
an  equal  repulsive  particle  at  its  antipodes,  which  is  not  shown  in 
figure. 

ow  suppose  that  the  spheroid  is  viscous,  and  that  the  tide  lags ; 
L  since  the  planet  rotates  in  the  direction  of  the  curved  arrow  at  S, 
repulsive  particle  is  carried  past  its  place,  P,  to  P^  The  angle  PSP' 
measure  of  the  lagging  of  the  tide. 

''e  now  have  to  consider  the  effect  of  the  repulsion  of  the  ring  on  a 
icle  which  is  instantaneously  and  rigidly  connected  with  the  planet 

• 

ince  P'  is  nearer  to  the  half  L  of  the  rin(^,  than  to  the  half  L',  the 
tral  effect  of  the  repulsion  must  be  a  force  somewhere  in  the  direc- 
FP. 

ow  this  force  P'P  must  cause  a  couple  in  the  direction  of  the 
"ed  arrows  K,  K'  about  an  axis,  EK',  perpendicular  to  LL',  the 
!8  of  the  ring.  The  effects  of  this  couple,  when  compounded  with 
planet's  rotation,  is  to  cause  the  pole  S  to  recede  from  the  ring 
/.  Hence  the  inclination  of  the  planet's  equator  to  the  ring 
lishes. 

:x>ndly,  the  force  P'P  produces  a  couple  about  S,  adverse  to  the 

t's  rotation  about  its  axis  S.     If  the  obliquity  of  the  ring  be 

this  couple  will  be  small,  because  P'  will  lie  close  to  S. 

tly,  it  may  be  shown  analytically  that  the  tangential  force  on 

\g  in  the  direction  of  the  planet's  rotation,  corresponding  with 

al  friction,  is  exactly  counterbalanced  by  a  tangential  force  in 

osite  direction,  corresponding  with  the  change  of  the  obliquity. 

^e  diameter  of  the  ring  remains  constant.     It  would  not  be 

y  to  prove  this  from  general  considerations. 

Y  be  shown  that,  as  far  as  concerns  their  joint  action,  the  sun 

n  may  be  conceived  to  be  replaced  by  a  pair  of  rings,  and 

^  may  be  replaced  by  a  single  one ;  hence  the  above  propo- 

Hbo  applicable  to  the  explanation  of  the  joint  action  of  the 

3  on  the  earth,  and  numerical  calculation  shows  that  these 

bs  exercise  a  very  important  influence  on  the  rate  of  variation 

1  to  the  paper :  the  retardation  of  the  earth's  rotation  would 

larent  acceleration  of  the  moon,  if  that  body  were  unaffected, 

artly  counterbalanced  by  the  true  retardation  of  the  moon. 

^e  the  means  of  connecting  an  apparent  acceleration  of  the 

le  heights  and  retardations  of  the  several  bodily  tides.     I 

this  idea  to  the  supposition  that  the  moon  is  subject  to  an 
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apparent  acceleration  of  4"  per  century,  and  I  fonnd  that,  if  the  earth 
were  purely  viscous,  the  moon  must  he  undergoing  a  secular  retarda- 
tion of  S'6"  per  century,  while  the  earth  (considered  as  a  clock)  must 
he  losing  fourteen  seconds  in  the  same  time.  The  obliquity  also  must 
be  diminishing  at  the  rate  of  1°  in  470  million  years. 

Under  these  circumstances  the  earth  must  have  eo  great  an  effective 
rigidity  that  the  bodily  semi-diurnal  and  diurnal  tides  would  be  quite 
insensible  ;  the  bodily  fortnightly  tide  would  however  be  so  coiiflider' 
able  that  the  oceanic  fortnightly  tide  would  be  reduced  to  one-seventh 
of  its  theoretical  value  on  a  rigid  nucleus,  and  the  time  of  high  water 
would  be  accelerated  by  three  days. 

The  supposition  that  the  earth  is  a  nearly  perfectly  elastic  spheroid 
leads  to  very  different  results  in  this  respect,  which,  however,  I  will 
now  pass  over. 

From  this  and  other  considerations,  I  conclude  that  a  secular  acoel^ 
ration  of  the  moon's  motion  affords  no  datum  for  determining  the 
present  amount  of  tidal  friction. 

Sir  W.  Thomson  has  discussed  the  probable  age  of  the  earth  from 
considering  the  tidal  friction,  and  he  derived  his  estimate  of  the  rate 
at  which  the  earth's  diurnal  rotation  is  slackening,  principally  from 
the  secular  acceleration  of  the  moon.  He  fully  admitted  that  his  data 
did  not  admit  of  precise  results,  but,  if  I  am  correct,  it  certainly 
appears  that  his  argument  loses  some  of  its  force. 

The  differential  equations,  which  have  to  be  solved  in  order  to 
investigate  the  secular  changes  in  the  configuration  of  the  three  bodiei^ 
are  exceedingly  complex,  and  I  was  only  able  to  solve  them  by  a  labo- 
rious method,  depending  partly  on  analysis  and  partly  on  numarioil 
quadratures. 

The  solution  was  only  applicable  to  the  case  where  the  earth  is  s 
purely  viscous  body,  and  the  numerical  value  chosen  for  the  coefficient 
of  viscosity  was  such  that  the  changes  proceed  with  about  the  mazu 
mum  rapidity.  Starting  with  the  present  values  of  the  obliquity,  day, 
month,  and  year,  the  changes  were  traced  backwards  in  time.  As  we 
go  backwards  we  find  the  year  sensibly  constant,  but  the  obliquitji 
day  and  month  all  diminishing — the  last  with  far  the  greatest  rapiditf • 
The  changes  proceed  at  a  rapidly  increasing  rate,  as  in  the  retrospect 
the  moon  approaches  the  earth. 

At  the  point  where  I  found  it  convenient  to  stop  in  the  first  method 
of  solution,  about  56  million  years  have  been  traversed  backwards, 
and  the  obliquity  is  found  to  have  diminished  by  9^,  the  day  is  found  to 
have  fallen  to  6  hrs.  50  mins.,  and  the  sidereal  month  to  only  1  daj 
14  hrs. 

It  is  a  question  of  great  interest  to  geologists  to  determine  whether 
any  part  of  changes  of  this  kind  can  have  taken  place  during  geologieil 
history ;  and  I  conclude  that  it  might  be  so.    The  physical  meaniBf 
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of  the  coefficient  of  viscosity  which  is  used  in  this  solution  is  as 
follows : — If  a  slab  of  the  materials  of  the  earth  an  inch  thick  have 
one  ihce  held  fixed,  and  if  the  other  face  be  subjected  to  a  tangential 
stress  of  13^  tons  to  the  sqnare  inch  for  24  hours,  then  the  two  faces 
have  been  displaced  relatively  to  one  another  through  one- tenth  of  an 
inch.  Such  a  material  would  in  ordinary  parlance  be  called  a  solid, 
and  in  the  tidal  problem  this  must  be  regarded  as  a  moderately  small 
Tisoosity,  whence  I  conclude  that  the  earth  may  have  been  habitable, 
and  yet  have  undergone  these  changes. 

Amongst  the  conclusions  of  interest  to  geologists  is  the  following : 
namely,  that  the  amount  of  heat  generated  in  the  interior  of  the  earth 
by  internal  friction,  during  these  56  million  years,  would  be  sufficient,  if 
applied  all  at  once,  to  heat  the  whole  earth's  mass  1,755°  F.,  supposing 
the  earth  to  have  the  specific  heat  of  iron.  If  then  it  is  permissible 
to  snppose  that  any  considerable  part  of  these  changes  has  taken 
place  during  geological  history,  the  estimate  of  the  age  of  the  earth, 
which  is  founded  on  the  assumption  that  the  earth  is  simply  a  cooling 
sphere,  would  have  to  undergo  modification. 

A  second  solution  of  the  differential  equations  is  next  gpven,  adapted 
to  the  hypothesis  that  the  earth  stiffened  as  it  cooled ;  but  no  definite 
law  of  stiffening  is  assumed.  This  solution  follows  a  line  closely 
similar  to  that  of  the  last  up  to  the  point  where  the  day  has  fallen  to 
6  hrs.  50  mins.  The  obliquity  is,  however,  found  to  decrease  slightly 
more  than  in  the  previous  solution. 

At  this  point  it  was  found  necessary  to  abandon  the  approximation 
by  which  the  three  semirdiumal  and  the  three  diurnal  tides  are  classi- 
fied together.  The  problem  then  becomes  much  more  complex,  and  a 
new  method  of  solution  is  required. 

It  is  found  that  in  the  retrospect  the  obliquity  will  only  continue  to 
diminish  a  little  beyond  the  point  already  reached ;  for  when  the 
month  has  become  equal  to  twice  the  day  there  is  no  longer  a  tendency 
to  diminution,  and  for  smaller  values  of  the  month  the  tendency  is  re- 
versed. This  shows  that  for  values  of  the  month  less  than  twice  the 
day,  the  position  of  zero  obliquity  of  the  earth's  axis  is  dynamically 
stable.  The  whole  diminution  of  obliquity,  from  the  initial  state  back 
to  the  critical  point  of  relationship  between  the  month  and  day,  is 
found  to  be  10**. 

After  considering  the  various  discrepancies  between  the  ideal  pro- 
blem solved  and  the  real  case  of  the  earth,  I  conclude  that  while  a 
large  part  of  the  obliquity  may  be  probably  referred  to  these  causes, 
yet  that  there  probably  remains  an  outstanding  part  which  is  not  so 
explicable. 

The  obliquity  to  the  ecliptic  is  now  set  on  one  side,  and  from  a 
consideration  of  the  equation  of  conservation  of  moment  of  momentum, 
the  initial  state  is  determined,  towards  which  the  solution  has  been 
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panning  back.  It  is  found  that  the  initial  condition  is  one  in  which 
moon  and  earth  rotate,  as  though  fixed  together,  in  5  hrs.  40  mins. ;  and 
that  this  condition  is  one  of  dynamical  instability,  so  that  the  moon 
must  either  have  fallen  into  the  earth,  or  have  receded  from  it,  and 
have  then  gone  through  the  changes  which  were  traced  backwards. 

From  this  and  other  considerations  it  is  concluded  that,  if  the  moon 
and  earth  were  ever  molten  viscous  masses,  then  it  is  highly  probable 
that  they  once  formed  parts  of  a  common  mass. 

The  rest  of  the  paper  is  occupied  with  a  number  of  misoellaneons 
propositions,  and  with  a  discussion  of  the  physical  significance  of  the 
results  obtained. 

I  will  here  only  mention  that  the  case  of  the  Martian  satellites 
appears  to  me  a  very  striking  corroboration  of  the  applicability  of 
these  views  to  the  solar  system,  whilst  the  Uranian  system  of  satellites 
is,  at  first  sight,  unfavourable. 

A  whole  series  of  problems,  some  of  them  of  great  difBculiy,  still 
await  solution ;  and  not  until  they  are  solved  will  it  be  possible  either 
decisively  to  accept  or  reject  the  modified  form  of  the  nebnlar  hypo- 
thesis, to  which  my  results  obviously  point. 

(Postscript.)     Added  November  8th,  1878. 

A  subsequent  investigation  has  shown  that,  although  the  amount  of 
heat  which  might  be  generated  by  internal  friction  in  the  earth  might 
be  very  great,  yet  its  distribution  would  be  such  that  it  could  scarcelj 
sensibly  affect  Sir  W.  Thomson's  investigation  of  the  secular  oooliug 
of  the  earth. 
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(Abstract.) 

In  this  paper  certain  problems  are  treated,  which  were  alluded  to 
in  two  previous  papers  on  the  Tides  and  Precession  of  a  viscous 
spheroid.*  For  brevity  the  spheroid  is  spoken  of  as  the  earth,  and 
the  disturbing  body  as  the  moon. 

I.  Secular  Distortion  of  the  Spheroid^  and  certain  Tides  of  the  second 

order. 

The  distortion  arises  from  the  unequal  distribution  of  the  tidal 
frictional  couple  over  the  sui*face  of  the  spheroid. 

*  Bead  before  the  Rojal  Society  on  May  23  and  December  19  retpeotavely. 
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In  forming  the  theory  of  tides,  it  was  assumed  that  the  action 
of  the  tidal  protuberance  on  any  element  of  the  surface  of  the  mean 
sphere  was  entirely  normal  to  the  sphere,  and  consisted  of  the  weight 
of  the  prismatic  element  of  the  tidal  protuberance,  which  stands  on 
the  element  of  sur&ce.  This  is  not  rigorously  correct,  because,  if  it 
were  so,  there  would  be  no  couples  tending  to  alter  the  diurnal 
rotation  and  obliquity  of  the  earth.  The  effects  of  these  couples  were 
considered  in  the  paper  on  '*  Precession,"  but  the  tidal  protuberance 
was  there  assumed  to  be  instantaneously  rigidly  connected  with  the 
mean  sphere.  The  present  problem  is  concerned  with  the  non-rigid 
attachment  of  the  protuberance  to  the  sphere. 

A  sphere  is  supposed  to  be  distorted  into  any  form  differing  in- 
finitesimally  from  the  true  sphere,  and  to  be  acted  on  by  any  external 
disturbing  potential.  It  is  then  found  what  tangential  stress  must  be 
supposed  to  act  across  the  base  of  any  prismatic  element  of  the  pro- 
taberance,  in  order  that  the  equilibrium  of  that  element  may  be  main- 
tained,  the  pressures  transmitted  by  the  four  contiguous  elements 
being  taken  into  account.  It  appears  that  if  the  protuberance  has 
the  equilibrium  form,  due  to  the  external  disturbing  potential,  then 
there  is  no  tangential  stress  between  the  true  sphere  and  the  pro- 
tuberance. But  since  the  tides  of  a  viscous  spheroid  lag,  the  form  of 
the  viscous  tidal  protuberance  is  not  one  of  equilibrium,  and  there  is 
such  a  tangential  stress  across  the  base  of  each  element  of  the  pro- 
tuberance. It  is  obvious  that  these  tangential  stresses  may  produce  a 
continued  distortion  of  the  spheroid. 

The  problem,  as  applicable  to  the  earth,  is  treated  in  the  simple  case 
where  the  obliquity  to  the  ecliptic  is  zero,  and  where  there  is  only  one 
disturbing  body  or  moon. 

The  sum  of  the  moments  of  the  tangential  stresses  about  the  axis  of 
rotation  gives  the  tidal  frictional  couple,  and  its  form  is  found  to 
agree  with  that  found  by  a  different  method  in  the  paper  on  "  Pre- 
cession.*' 

When  the  earth's  rotation  is  taken  into  account,  it  appears  that  the 
component  along  the  meridian  of  tangential  stress  at  any  point  of  the 
surface  is  periodic  in  time ;  whilst  one  part  of  the  component  perpen- 
dicular to  the  meridian  is  periodic,  and  the  other  non-periodic.  The 
periodic  parts  of  the  component  tangential  stresses  give  rise  to  small 
tides  of  the  second  order  (varying  as  the  square  of  the  tide-generating 
force),  and  are  neglected,  but  the  non-periodic  part  gives  rise  to  a 
secular  distortion. 

Since  the  earth's  rotation  as  a  whole  is  retarded,  therefore  the  dis- 
torting tangential  stresses  all  over  the  surface  constitute  a  non- 
equilibrating  system  of  forces,  and  in  order  to  find  the  distortion  of 
the  globe,  they  must  be  deemed  to  be  equilibrated  by  the  effective 
forces  due  to  the  inertia  of  the  slackening  diurnal  rotation.     These 
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effective  forces  give  bodily  forces  in  the  interior,  the  snm  of  whose 
moments  abont  the  axis  of  rotation  is  eqnal  and  opposite  to  the  tidal 
f  notional  conple.  The  problem  is  thus  rednced  to  finding  the  dis- 
tortion of  a  sphere  subject  to  bodily  force  equilibrated  bj  sni&oe 
action,  and  it  is  solved  by  Sir  W.  Thomson's  method  of  finding  the 
internal  strain  of  an  elastic  sphere  under  like  conditions,  althongh 
here  the  bodily  force  has  no  corresponding  potential  function. 

The  solution  shows  that  the  distortion  consists  in  a  simple  cylin- 
drical motion  round  the  axis  of  rotation,  each  point  moving  from  east 
to  west  with  a  linear  velocity  proportional  to  the  cube  of  its  distance 
from  that  axis. 

The  distortion  of  the  surface  of  the  globe  consists  of  a  motion  in 
longitude  from  west  to  east,  relatively  to  a  point  in  the  equator,  the 
rate  of  change  of  longitude  being  proportional  to  the  square  of  the 
sine  of  the  latitude. 

Numerical  calculation  shows,  however,  that  in  the  later  stages  of 
the  earth's  history  (the  development  being  supposed  to  follow  the 
laws  found  in  the  paper  on  "  Precession  "),  the  distortion  must  have 
been  very  small.  With  a  certain  assumed  viscosity,  it  is  found  that, 
looking  back  45,000,000  years,  a  point  in  latitude  60°  would  lie  14' 
further  east  than  at  present.  From  this  it  follows,  that  this  cause 
can  have  had  little  or  nothing  to  do  with  the  crumpling  of  geological 
strata. 

As,  however,  the  distorting  force  varies  inversely  as  the  sixth  power 
of  the  moon's  distance,  it  seems  possible  that  in  the  very  earliest 
stages  this  cause  may  have  had  sensible  effects.  It  is,  therefore,  note* 
worthy  that  the  wrinkles  raised  on  the  surface  would  run  north  and 
south  in  the  equatorial  regions,  with  a  tendency  towards  north-east 
and  south'West  in  the  northern  hemisphere,  and  north-west  and  south- 
east in  the  southern  one.  The  intensity  of  the  distorting  force  at  the 
surface  varies  as  the  square  of  the  cosine  of  the  latitude. 

An  inspection  of  a  map  of  the  earth  shows  that  the  continents  (or 
large  wrinkles)  conform  more  or  less  to  this  law.  But  Professor 
Schiapparelli's  map  of  Mars*  is  more  striking  than  that  of  the  earth, 
when  viewed  by  the  light  of  this  theory ;  but  there  are  some 
objections  to  its  application  to  the  case  of  Mars.  If,  however,  there 
is  any  truth  in  this,  then  it  must  be  postulated,  that  after  the  wrinkles 
were  formed  the  crust  attained  sufficient  local  rigidity  to  resist  the 
obliteration  of  the  wrinkles,  whilst  the  mean  figure  of  the  earth 
adjusted  itself  to  the  ellipticity  appropriate  to  the  slackening  diurnal 
rotation ;  also,  it  must  be  supposed  that  the  general  direction  of  the 
existing  continents  has  lasted  through  geological  history. 

The  second  question,  considered  in  the  first  part,  deals  with  the 

*  "  Memoric  della  Society  degli  Spcttroscopisti  Italiani,"  1878,  toL  tu. 
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non-rigid  attachment  of  the  permanent  equatorial  protuberance  to  the 
mean  sphere.  It  is  shown  that  the  precessional  and  nutational  couples 
will  give  rise  to  certain  tides  of  the  second  order  (varying  as  the  tide- 
generating  force  multiplied  by  the  precessional  constant),  but  not  to 
any  secular  shifting  of  the  surface  over  the  interior,  as  has  been  sup- 
posed would  be  the  case  by  some  writers. 

U.  DigiribuHon  cf  Heat  generated  hy  Interned  Friction^  and  the  secular 

eooUng  of  the  Spheroid, 

In  the  paper  on  "  Precession"  it  was  shown  by  the  theory  of  energy, 
that  a  very  large  amount  of  heat  might  have  been  generated  inside 
the  earth  by  friction,  but  the  investigation  gave  no  indication  as  to 
its  distribution.  The  problem  is  here  considered  by  finding  the 
amount  of  work  done  per  unit  of  time  on  each  element  of  the  interior 
in  the  course  of  the  tidal  distortion. 

The  aggregate  work  done  on  the  whole  globe  is  found  to  be  the 
same  as  that  given  by  simple  considerations  of  energy.  The  rate  of 
work  18  equal  to  the  tidal  frictional  couple  multiplied  by  the  relative 
angular  velocity  of  the  moon  and  earth ;  but  this  simple  law  arises 
out  of  a  complex  law  of  internal  distribution.  By  far  the  lai^er 
part  of  the  work  done,  or  heat  generated,  is  found  to  be  in  the  central 
portion. 

My  first  impression  was  that  the  large  amount  of  heat,  which  might 
be  generated,  would  serve  to  explain  in  part  the  observed  increase  of 
underground  temperature ;  but  the  solution  of  a  certain  problem  con- 
ofimiTig  the  cooling  of  an  infinite  slab  of  rock  8,000  miles  thick,  in 
which  heat  is  being  generated  according  to  a  certain  law  of  distribu- 
tion, shows  that  the  frictional  heat  could  not  possibly  explain  a  rate 
of  increase  of  underground  temperature  near  the  earth's  surface  of 
more  than  1**  F.  in  2,600  feet. 

It  follows,  therefore,  that  Sir  W.  Thomson's  investigation  of  the 
aecnlar  cooling  of  the  earth  cannot  be  sensibly  alPected  by  this  cause. 

III.  The  Effects  of  Inertia  in  the  Forced  Oscillations  of  Viscous^  Fluid, 

and  Elastic  Spheres, 

In  the  theory  of  tides  used  hitherto  the  effects  of  inertia  have 
been  neglected.  It  was,  however,  shown  that  this  defect  in  the  theory 
could  not  have  an  important  influence,  unless  the  frequency  of  the 
tidee  was  much  greater  than  that  of  those  generated  by  the  moon  at 
the  present  time.  Nevertheless  it  was  desirable  to  determine  what 
the  effect  of  inertia  actually  is. 

This  part  of  the  present  paper  contains  a  second  approximation  to 
the  theory  of  tides  of  a  viscous  spheroid. 

VOL.  xivin.  ? 


1(»8     Mr.  G.  H.  Darw-in  on  Tldef^  of  a  Viscous  Spheroid.    [Dec.  19, 

The  first  approximation,  being  that  given  in  the  paper  on  "  Tides,"  is 
here  used  to  give  a  value  to  the  terms  introdnced  in  the  equations  of 
motion  by  inertia.  Physically  the  terms  so  introduced  are  equivalent 
to  an  addition  to  the  bodily  force  which  tends  to  produce  the  tidal 
distortion.  The  problem  is  then  treated  by  a  process  parallel  to  that 
used  by  Sir  W.  Thomson  in  his  statical  problem  concerning  the  strain 
of  an  elastic  sphere.  The  analytical  investigation  is  long  and  com- 
plicated, and  it  will  here  suffice  to  state  the  result  with  regard  to  the 
form  of  the  tidal  protuberance,  when  the  tide-generating  potential 
is  of  the  second  order  of  harmonics.     It  is  as  follows  : — If  a  be  the 

radius,  w  the  density,  g  mean  gravity,  and  9=r^  ▼  tbe  ''speed"  of 

the  tide,  1/  the  alteration  of  phase ;  so  that  17  -?-  v  is  the  "  lag,"  and  v 
the  coefficient  of  viscosity. 

Then  iy— -__- — sm  »  cos  1;= arc- tan , 

loOg  h^war 

And  the  height  of  tide  is  equal  to  the  equilibrium  tide  of  a  perfectly 

fluid  spheroid  multiplied  by — 


cos  1/ 


V       150g ; 


This  shows  that  the  defect  of  the  first  approximation  was  such  that 
for  a  given  speed,  the  lag  is  a  little  greater,  and  for  a  given  lag,  the 
height  of  tide  is  a  little  greater  than  was  supposed. 

It  is  then  shovm  that  this  correction  to  the  theory  of  tides  will 
scarcely  make  any  appreciable  difference  in  the  results  of  the  int^fia- 
tion,  by  which  the  secular  changes  in  the  configuration  of  the  earth 
and  moon,  were  found  in  the  paper  on  "  Precession ;"  and  especially 
that  it  makes  no  difference  as  to  the  critical  relationship  between  the 
month  and  day,  for  which  the  rate  of  change  of  obliquity  vanishes. 
The  most  important  influence  of  the  new  theory  is  on  the  time,  and  it 
appears  that  the  time  occupied  by  the  changes,  above  referred  to,  is 
overstated  by  perhaps  i^jth  part. 

A  comparison  is  then  made  of  the  preceding  theory  with  that  of  the 
forced  vibrations  of  a  fluid  sphere.  This  shows  that  when  7  is  sero 
(/.^.,  when  viscosity  graduates  into  fluidity),  the  -/^  which  occurs  in 
the  above  expressions  should  properly  be  |  or  -jZ_»j.  The  discrepancy 
between  the  79  and  75  is  explained  by  the  fact  that  in  approaching 
the  problem  of  fluidity  from  the  side  of  viscosity,  we  s appose  in  the 
first  approximation,  that  the  motion  of  the  interior  of  the  sphere  is 
vortical,  whereas  in  reality  it  is  not  so. 

In  conclusion,  ^it  is  proved  that  analysis,  of  almost  identically  the 
same  character  as  that  for  the  problem  of  the  viscous  sphere,  is  appli- 
cable to  the  case  of  an  incompressible  elastic  sphere,  and  that  inertia 
has  the  effect  of  increasing  the  ellipticity  of  the  tidal  spheroid,  as  given 
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by  Sir  W-  Thomson's  statical  theory,  in  the  proportion  of  1  -|- 

160(r+g) 
to  unity,  where  v  is  the  speed  of  the  tide,  and  r  is  the  quantity  defined 

in  Thomson  and  Tait's  Nat.  PhiL,  §  840  (28),  viz.,    -i^x    the  coeffi. 

oient  of  rigidity. 

The  last  part  of  the  paper  contains  a  discussion  of  results,  and  a 
non-mathematical  sunmiary  of  what  precedes. 


rV.  "  On  the  Influence  of  Light  upon  Protoplasm."  By  Arthur 
DowNES,  M.D.,  and  Thomas  P.  Blunt,  M.A.  Oxon.  Com- 
municated by  J.  MARaffTALTi,  F.R.S.,  Surgeon  to  University 
College  Hospital.    Received  October  9,  1878. 

This  paper  is  in  continuation  of^  and  supplementary  to,  a  previous 
communication*  in  which  we  recorded  the  first  part  of  an  investiga- 
tion on  the  ejffectof  light  upon  Bacteria  and  other  organisms  associated 
with  putrefaction  and  decay.  The  chief  conclusions  to  which  those 
observations  led  us  were  briefly  as  follow : — 

(I.)  Light  is  inimical  to,  and  under  favourable  conditions  may 
wholly  prevent,  the  development  of  these  organisms;  its  action  on 
Baeleria  being  more  energetic  than  upon  the  mycelial  (and  torulaceous) 
fungi  which  are  prone  to  appear  in  cultivation-fluids. 

(2.)  The  fitness  of  the  cultivation-fluid  as  a  nidus  is  not  impaired  by 
insolation. 

We  fimnd  also  that  tubes,  containing  a  cultivation-fluid  and  plugged 
with  cotton-wool,  when  removed  to  a  dark  place  after  exposure  to  the 
sun  for  a  sufllcient  period,  remained  perfectly  clear  and  free  from 
oiganisms  for  months,  and  we  naturally  thought  that  the  contents  had 
been  reduced  to  permaneilt  sterility.  The  following  facts,  however, 
compel  us  to  suspend  for  the  present  our  conclusions  on  this  point. 
Of  the  many  tubes  which  we  insolated  last  year  we  finally  kept  only 
three.  Two  of  these — iX)ntaining  Pasteur  solution  of  the  composition 
given  in  our  former  paper — ^had  been  exposed  to  sunlight  for  three 
weeks  in  June,  1877 ;  the  third  tube  contained  urine  and  had  been 
insolated  for  about  two  months — commencing  July  26th.  In  each 
case  coireeponding  tubes  which  were  covered  with  laminated  lead,  so 
as  to  exclude  light,  had  swarmed  with  Bacteria  in  the  course  of  two  or 
three  days,  but  the  three  tubes  of  which  we  speak  not  only  were  perfectly 
pellucid  at  the  time  they  were  removed  from  the  light  but,  although 
kept  in  a  warm  room,  remained  clear  all  through  the  winter.  On 
Fehmary  25th,  1878,  however, — eight  months  after  we  had  placed 
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them  in  darkness — the  two  tubes  of  Pasteur  solution  each  contained 
several  tiny  specks  of  mycelium. 

One  of  the  two  was  on  this  again  exposed  to  sunlight,  and  in  it  the 
mycelial  development  was  at  once  stopped ;  the  other  tube  was  left  in 
the  dark  and  the  fungus  gradually  grew  till  it  filled  the  whole  space 
of  the  liquid,  which  on  microscopical  examination  was  found  to  con- 
tain no  other  organisms.  The  tube  of  urine  remained  clear  till  July 
15  th,  1878, — nearly  ten  months  after  imcasement,— on  which  date 
two  specks  of  mycelium  appeared,  and  subsequently  developed  as  in 
the  previous  case.  No  Bacteria  could  be  seen  on  examination  with  an 
immersion  -^'^  It  is  noteworthy  that  a  companion  tube  to  this  which 
was  incased  afler  six  days  of  insolation  had  developed  a  growth  of 
mycelium  in  three  or  four  days. 

It  would  seem  that  in  the  three  tubes  above  mentioned  Baeiena, 
or  their  "  germs,"  had  been  either  wholly  destroyed  or  reduced  to  so 
low  a  state  of  vitality  that  they  were  unable  to  developi  in  the  fluids 
in  question ;  while  it  is  evident  that  the  spores  of  the  mould  which  at 
length  appeared,  unless  they  had  been  accidentally  shaken  down  from 
the  cotton-wool  plugging  the  tubes,  had  undergone  some  change  which 
reduced  them  to  a  condition  of  torpidity  from  which  in  process  of 
time  they  emerged.  Such  a  condition,  we  may  perhaps  conceive, 
might  be  brought  about  by  any  influence  causing  thickening  of  the 
cell-wall  of  the  spore.  We  hope  at  a  future  time  to  offer  some  further 
evidence  on  this  question  of  revival  of  dormant  germs,  which  is,  we 
think,  of  much  interest. 

From  a  very  early  period  of  our  inquiry  we  have  set  ourselves  to 
the  task  of  investigating  the  intimate  nature  of  the  remarkable  action 
of  light  upon  these  organisms,  and  we  have  arrived,  as  we  believe,  at 
a  satisfactory  solution  of  the  problem,  but  in  the  first  place  it  will  be 
well  to  describe  some  preliminary  experiments. 

An  interesting  point  to  be  determined  was  the  question^ — ^with  what 
part  of  the  spectrum  is  this  property  of  light  associated. 

The  observations  made  by  us  last  year  indicated  that  the  rays  of 
greatest  refrangibility  were  the  most  active,  but  the  experiments  then 
made  did  not  warrant  any  definite  conclusions  as  to  the  part  played 
by  rays  of  lower  refrangibility. 

The  method  employed  in  the  more  recent  experiments  was  similar 
to  that  described  in  our  former  paper : — 

Small  test-tubes  containing  the  cultivation-fluid  were  suspended  in 
deep  narrow  boxes  made  of  garnet-red,  yellow,  blue,  and  ordinary  glan 
respectively.  Each  box  held  about  six  test-tubes,  and  corresponding 
series  wei'e  incased  in  laminated  lead. 

A  spectroscopic  examination  of  the  glass  of  which  these  boxes  were 
constructed  showed  that  the  yellow  and  blue  were  far  from  being 
monochromatic.     The  red  was  an  excellent  glass  for  the  pnipoie. 
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The  rays  which  were  foand  to  pass  throngh  each  glass  respectively 
are  giyen  helow. 

Bhie. — ^Violet,  blue,  some  green,  broad  band  in  yellow-green,  very 
narrow  band  in  ultra-red. 

Yellow, — The  whole  spectrum,  except  violet  and  about  half  the 
blue. 

Bed. — Bed,  orange-red.     All  other  rays  entirely  absorbed. 

The  mean  of  a  number,  of  observations  as  to  temperature  showed 
that,  at  the  point  at  which  we  worked,  viz.,  70°— 80°F.,  the  ther- 
mometer in  the  red  box  stood  about  2°  F.  higher  than  in  the  lead- 
incased  tubes;  between  the  blue,  yellow,  and  ordinary  glass  boxes 
there  was  but  little  difference,  the  blue  being  about  half  a  degree 
wanner  than  the  last  named. 

We  showed  in  our  former  communication  that  by  increasing  the 
density  of  our  cultivation-liquid  the  development  of  Bacteria  could  be 
proportionately  delayed.  In  this  way  we  have  been  able  to  accentuate 
the  differences  in  the  behaviour  of  the  solutions  under  varying  con- 
ditions of  light.  Without  detailing  all  the  experiments,  we  may  say 
that  the  first  tubes  to  become  turbid  were  the  lead-incased ;  the  next, 
nsnally  in  from  24—48  hours  subsequently,  the  red,  followed  shortly 
by  the  yellow  ;•  white  and  blue  surviving. 

The  organisms  which  first  appeared  in  the  lead -incased  and  red 
were  always  Bacteria ;  in  the  yellow,  usually  Tortila^  or  mycelium,  with 
more  or  less  Bacteria^ — rarely  Bacteria  alone ;  if  organisms  appeared 
in  the  blue  or  ordinary  glass  they  were  torulaceous. 

Although  the  blue  and  yellow  glasses  were  not  monochromatic,  we 
think  that  these  results  give  important  indications.  That  the  action 
is  chiefly  dependent  on  the  blue  and  violet  rays  is  shown  by  the  great 
difference,  as  compared  with  those  in  the  blue  box,  in  the  behaviour  of 
the  tubes  in  the  yeUow,  in  which,  as  we  have  already  stated,  the  only 
rays  of  the  spectrum  not  admitted  were  the  violet  and  part  of  the 
blue. 

Moreover,  the  fact  that  when  the  cultivation-fluid  is  of  sufficient 
concentration  the  red  (although  the  warmer)  survives  the  lead-incased 
shows,  we  think,  that  the  red  and  orange-red  rays  are  not  altogether 
inactive. 

It  is  probable  therefore  that,  if  the  phenomena  were  represented  by 
a  curve,  the  maximum  elevation  would  be  found  in  or  near  the  violet, 
a  rapid  descent  occurring  in  the  blue  or  green,  after  which  the  line  of 
the  curve  is  maintained  more  or  less  as  far  as  the  visible  red. 

The  experiments  next  to  be  detailed  bear  upon  the  part  played  by 
the  cultivation-fluid  in  the  phenomena  under  consideration.     We  had 

*  The  only  instance  out  of  a  large  number  of  obserrations,  in  which  yellow  broke 
down  before  red,  happens  to  be  the  experiment  described  in  our  former  communica- 
tioD. 
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shown,  in  our  previoiu  paper,  that  the  liquid  in  iabee  which  under 
insolation  had  remained  barren  was,  neverthelese,  not  impaired  aa  a 
nidna  for  develppment,  tor,  on  removing  them  to  a  dark  place  and 
inoonlating  with  a  drop  of  ordinary  water,  the;  Boon  towoaed  with 
vigorone  bacterial  life ;  the  same  experiment  Bbowing  that  the  BTurival 
of  the  spores  of  mycelial  fungi,  as  compared  with  Bacteria,  was  not 
dne  to  an;  change  in  the  cnltiTation-floid  rendering  it  nozions  to  the 
latter,  but  not  to  the  former.  At  the  same  time,  though  this  waa  not 
probable,  there  might  have  been  a  temporary  and  transient  action 
dependent  on  some  oonfititnent  of  the  cultivation-fluid.  We  de- 
termined, therefore,  to  render  the  conditions  as  simple  as  possible. 

It  is  well  known  that  all  ordinary  water,  even  distilled,  teems  with 
the  "  germs  " — actual  or  potential — of  ranous  forms  of  life.  We 
wished  to  asoertun  whether  or  no  sunlight  would  impair  the  vitality 
of,  or  destroy,  "germs"  existing  in  ordinary  distilled  water. 

Fie.  1.  fia.  2  (redooed). 


We  made  a  number  of  glass  bnlbs,  of  the  shape  shown  in  fig.  I, 
into  each  was  introduced  a  measured  quantity  of  a  very  concentrated 
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Pasteur  eolation,  previonslj  boiled ;  one  end  of  each  was  then  sealed. 
Thej  were  then  placed  in  a  water-bath,  with  the  unsealed  end  project- 
ing above  the  water,  and  after  prolonged  and  repeated  boiling  this 
end  also  was  sealed.  The  sealed  bolbs  were  then  thoroughly  washed 
with  distilled  water,  to  remove  all  traces  of  Pasteur  solution  from  their 
external  surfaces,  and  were  each  finally  sealed  up  in  a  tube  (fig.  2) 
containing  distilled  water  in  such  proportion  that,  when  the  bulbs 
were  subsequently  broken,  the  mixture  produced  a  fluid  of  the  ordi- 
nary strength.  Pour  were  incased  in  laminated  lead  and  five  in- 
solated. 

To  prove  that  the  water  employed  was  capable  of  setting  up 
bacterial  or  other  development,  a  number  of  tubes  containing  Pasteur 
solution  sterilised  by  repeated  boiling  and  plugged  with  cotton  wool 
were  divided  into  two  series ;  to  each  tube  of  the  one  set  a  few  drops 
of  the  water  were  added  with  a  superheated  pipette;  to  the  second 
series  no  water  was  added,  but,  in  order  to  place  them  under  the  same 
conditions,  the  superheated  pipette  was  successively  dipped  into  each. 
All  of  the  series  inoculated  with  water  speedily  teemed  with  Bacteria  ; 
the  second  series  remained  clear. 

The  experiment  commenced  on  April  3rd.  About  the  end  of  May, 
the  bulb  in  one  of  the  insolated  tubes  was  accidentally  broken,  so  that 
the  concentrated  Pasteur  solution  of  the  bulb  mingled  with  the  dis- 
tilled water  of  the  tube.  In  a  few  days  the  mixture  became  turbid 
with  Bacteria  and  Torula.  We  shall  again  refer  to  the  behaviour  of 
this  tube. 

The  remaining  bulbs  were  broken  towards  the  close  of  July  by 
jerking  them  against  the  ends  of  the  tubes.  The  result  was  that,  with 
one  exception,  the  mixture  in  the  tubes  which  had  been  insolated  has 
remained  clear  to  the  date  of  writing  (September  1st),  but  in  each 
instance  the  incased  tubes  became  turbid  with  organisms. 

In  the  single  insolated  tube  which  broke  down  nothing  could  be 
seen  on  careful  examination  with  •^"  but  round-celled  TortUa ;  there 
was  a  complete  absence  of  all  bacterioid  life.  The  incased  tubes  all 
contained  Torula,  BaciUiy  Bacteria^  in  active  movement,  and,  in  two 
instances,  a  number  of  short,  squarish,  highly  refractive  particles. 

It  is  evident,  therefore,  that  light  is  injurious  to  "  germs,"  even 
when  contained  in  ordinary  distilled  water.  There  is,  however,  an 
important  fact  in  connexion  with  this  which  must  not  pass  unnoticed. 
We  have  described  how  a  tube  in  which  the  bulb  had  accidentally  been 
broken  after  exposure  to  sunlight  for  six  or  seven  weeks,  in  April  and 
May,  speedily  teemed  with  Bacteria,  It  happens  that,  during  portions 
of  this  time,  we  had  insolated  tubes,  containing  ordinary  Pasteur 
solution,  with  the  result  that  all  bacterial  development  was  prevented 
by  a  few  days'  exposure  to  the  sun,  and  organisms,  if  they  appeared 
after  the  tubes  had  been  incased,  were  torulaceous  or  mycelial.    There 
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appears,  therefore,  to  be  a  remarkable  difference  in  the  rate  of  action 
of  light  on  the  germs  of  Bacteria  in  water,  as  compared  with  its  effect 
on  corresponding  **  germs  "  in  the  cnltiyation-flnid ;  insolation  of,  saj 
a  week,  accomplishing,  in  the  latter  case,  what  nearly  two  months 
failed  to  do  in  the  former. 

The  most  reasonable  explanation  to  onr  minds  is  the  following : — In 
water  destitute  of  organic  matter  the  "  germs  "  are  deprived  of  the 
nourishment  essential  for  their  growth  and  development — ^they  are 
starved ;  under  these  conditions  their  protoplasm  reverts  to  a  state  of 
rest  and  stability,  contrasting  with  that  condition  of  instability  which 
the  exhibition  of  vital  energy  implies.  Possibly  they  become  encysted, 
the  outer  portion  of  the  protoplasm  being  devitalised  and  protecting 
the  central  speck,  which  may  be  said  to  exist  rather  than  to  live. 
When,  however,  the  **  germ "  finds  suitable  nourishment,  the  proto- 
plasm takes  on  a  higher  state  of  activity  and,  therefore,  of  instability, 
and  we  believe  that  this  instability  of  protoplasm  favours  the  action 
upon  it  of  light,  but  that  in  a  condition  of  dormant  vitality  it  is  less 
susceptible. 

Numerous  other  observations  of  similar  character,  which  we  need 
not  here  detail,  gave  the  same  results,  and  the  following  simple  ex- 
periment, repeatedly  confirmed,  indicates  the  germicidal  action  of 
light  when  no  water,  other  than  the  ordinary  moisture  in  air,  is 
present : — 

April  16th.  Four  test-tubes  are  rinsed  out  with  tap- water,  inverted 
to  allow  the  moisture  to  drain  off,  and  plugged  with  cotton- wool.  Two 
are  covered  with  laminated  lead,  and  two  insolated  in  the'usual  way. 
(Corresponding  tubes,  charged  with  Pasteur  solution  previously 
sterilised  by  boiling,  speedily  became  turbid  with  Bacteria.) 

May  let.  The  four  tubes  are  charged  with  sterilised  Pasteur  solu- 
tion. 

In  about  a  fortnight  the  lead-incased  tubes  both  became  turbid,* 
but  the  liquid  in  the  insolated  tubes  was  still  clear  on  July  16th. 

We  now  proceed  to  give  an  account  of  experiments  which  bear 
more  directly  on  the  intimate  nature  of  the  action  under  consideration. 

From  an  early  stage  in  the  investigation  we  felt  that  the  best  way 
of  approaching  the  problem  was  by  examining  the  behaviour  of  organic 
bodies  generally  when  exposed  to  sunlight.  Taking,  in  the  first  in- 
stance, the  comparatively  simple  molecule  of  oxalic  acid  as  the  subject 
of  our  experiment,  we  found  that  a  decinormal  solution  (*63  per  cent.) 
was  entirely  decomposed  by  sunlight.  It  was  obviously  important 
to  ascertain  what  was  the  nature  of  the  decomposition,  i.e.,  whether  it 
were  a  disintegration  of  the  molecule  into  water,  carbonic  acid,  and 

*  Subsequent  microscopical  examination  showed  that  this  was  due  in  the  one  case 
to  a  species  of  Sareina,  in  the  other  to  Bacteria,  which  did  not,  howerer,  take  on  a 
very  Tigorous  deyelopment. 
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carbonic  oxide,  or  an  oxidation  resulting  in  water  and  carbonic  acid 
alone. 

We  foand  that  whether  oxygen  was  remoyed  by  exhaustion  at  the 
Sprengel  pump,  or  by  boiling  the  solution  and  inverting  in  mercuiy 
without  access  of  air,  decomposition  was  alike  prevented.  It  was  evi- 
dent, therefore,  that  oxygen  was  the  agent  of  destruction  under  the 
influence  of  sunlight,  for  of  course  the  nitrogen  of  the  air  may  be  put 
out  of  the  question. 

We  next  experimented  on  a  representative  of  a  most  interesting 
claas  of  bodies,  which  in  the  complexity  of  their  composition  probably 
approach  protoplasm  itself.  We  refer  to  the  so-called  soluble  or  indi- 
rect ferments,  of  which  we  selected  zymase,  the  soluble  ferment  of 
yeast,  as  a  type. 

We  noticed  last  year  that  sunlight  had  no  retarding  effect  on  the 
action  of  this  class  of  ferments,  but  we  did  not  then  investigate  the 
effect  of  prolonged  insolation  on  the  ferment  itself.  Accordingly,  on 
June  25th,  some  water  in  which  a  fragment  of  yeast  had  been  macerated 
was  thrice  passed  through  double  layers  of  the  finest  filtering  paper. 
Examined  under  the  microscope,  the  liquid,  which  was  quite  clear,  was 
found  to  contain  no  trace  of  Torula,  Salt  was  then  added  to  satura- 
tion, in  order  to  avoid  putrefaction,  and  the  solution  was  divided 
between  two  series  of  test-tubes,  one  series  being  insolated,  and  the 
other  incased  in  the  usnal  way. 

On  July  19th  about  three  drachms  of  freshly  made  syrup  was  placed 
in  each  of  a  number  of  cprouvettes.  These  were  divided  into  two  sets ; 
to  one  set  was  added  five  grain-measures  of  the  insolated  zymase  solu- 
tion, and  to  the  other  a  corresponding  quantity  from  the  incased  tubes ; 
a  watch-glass  was  placed  over  each,  and  they  were  left  for  some  hours. 
At  the  end  of  this  time,  five  grain-measures  of  the  syrup  to  which 
zym>a,8e  from  the  incased  tubes  had  been  added  completely  reduced  an 
equal  quantity  of  a  Fehling*s  solution,  while  no  perceptible  change 
was  caused  by  the  syrup  which  had  been  treated  with  insolated  zymase. 

It  is  clear,  therefore,  that  sunlight  destroys  the  specific  power  of  this 
ferment  for  hydrating  cane-sugar. 

We  next  experimented  on  zymase  in  vacuo.  On  August  1 6th  a  solu- 
tion of  the  ferment,  prepared  in  the  same  way  as  before,  was  divided 
between  eight  tubes,  two  of  which  were  insolated  and  two  incased. 
The  remaining  four  were  simultaneously*  exhausted  at  the  Sprengel 
pump  and  sealed.  The  contents  gave  a  sharp  ** water-hammer''  click, 
bearing  testimony  to  the  excellence  of  the  vacuum.  Two  of  these 
tubes  were  insolated  and  two  incased. 

On  September  5th,  eight  eprouvettes  of  fresh  syrup  were  inoculated 
with  liquid  from  each  tube  as  before,  and  allowed  to  stand  overnight,  a 

*  See  Appendix. 
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corresponding  quantity  of  nninocolated  syrup  being  kept  to  ascertain 
if  any  hydration  occurred  spontaneously. 

September  6^A. — The  uninoculated  syrup  has  no  perceptible  reducing 
action  on  Fehling's  solution,  but  the  contents  of  all  the  vacuum-tubes, 
whether  insolated  or  incased,  have  produced  hydration  of  the  cane- 
sugar,  and  there  is  no  practical  difference  between  their  effect — as 
measured  by  Fehling's  solution — and  that  of  the  non-Sprengelised 
zymase  preserved  in  the  dark.  At  the  same  time  the  corresponding 
solutions  of  zym^ise  insolated  without  previous  exhaustion  have  very 
feeble  action  indeed.  We  conclude,  therefore,  that,  as  in  the  case  of 
the  oxalic  acid,  the  destructive  action  of  light  is  by  oxidation,  for, 
while  the  zymase  exposed  to  light  and  air  was  greatly  enfeebled,  a 
similar  solution  in  vacuo,  although  equally  insolated,  retained  its  energy 
apparently  unimpaired.* 

In  proceeding  to  investigate  the  nature  of  the  action  of  light  upon 
living  organisms,  we  were  met  by  difficulties,  arising  from  the  relation 
of  these  organisms  to  oxygen,  which  for  some  time  baffled  our  research ; 
but  these  difficulties  we  have,  we  believe,  sufficiently  overcome  to  be 
enabled  to  indicate  the  fundamental  identity  of  the  action  of  light  upon 
living  organisms  and  upon  the  typical  non- vitalised  organic  substances 
selected  for  our  previous  experiments. 

In  a  postscript  appended  to  our  previous  communication  we  stated 
that  in  sealed  tubes  containing  urine,  which  had  been  exhausted  at  a 
Sprengel  pump,  organisms  appeared  in  incased  and  insolated  tubes 
alike. 

We  have  made  many  repetitions  of  these  experiments,  and  we  have 
invariably  found  that,  whenever  organisms  appeared  in  the  incased 
exhausted  tubes,  they  were  simultaneously  present  i^-  equal  amount 
and  vigour  in  the  insolated,  contrasting  with  the  difference  in  beha- 
viour between  corresponding  insolated  and  incased  non-exhausted 
tubes. 

It  seemed,  therefore,  that  in  absence  of  an  atmosphere,  light  (not- 
withstanding the  manifest  enfeeblement  of  life  brought  about  by  the 

*  It  was  our  original  intention  to  examine  a  large  number  of  organic  bodies,  and 
to  ascertain  to  what  extent  this  phenomenon  of  oxidation  under  sunlight  occurred  in 
different  classes  of  organic  compounds.  The  recent  researches  of  3C.  Chastaing 
("  Ann.  de  Chim.  et  de  Phjs./'  [5],  t.  xi)  have  anticipated  us  in  this.  3C.  Chastaing 
experimented  on  such  organic  compounds  as  essence  of  turpentine,  essence  of  lemon, 
ether,  oils,  Ac.,  all  of  which  were  oxidised  in  sunlight,  the  oxidation  occurring  in  all 
parts  of  the  visible  spectrum,  but  haying  a  maximum  in  Tiolet  and  a  minimnwi  in 
red.  It  is  noteworthy  to  obserre  how  this  distribution  of  the  function  of  oxidatioii 
of  these  substances  in  the  spectrum,  according  to  M.  Chastaing,  corresponds  with 
that  assigned  by  ourselyes  on  entirely  independent  grounds  to  the  destmctiTe  action 
of  light  on  Bacteria,  We  should  have  stated,  also,  that,  according  to  our  experi- 
ments, the  oxidation  of  oxalic  acid  was  very  active  behind  blue  glass,  but  feeble 
behind  red. 
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withdrawal  of  air)  failed  entirely  to  produce  any  effect  on  snch 
organisms  as  were  able  to  appear.* 

Experiments  in  which  nitrogen  was  admitted  into  the  exhausted 
tabes  before  they  were  sealed  gave  similar  results. 

The  obvious  inference  that  the  presence  of  oxygen  is  essential  to  this 
action  of  light  is  confirmed  by  the  following  experiment — ^many  times 
repeated-*showing  that  the  effect  is  in  direct  relation  to  the  proportion 
of  free  oxygen : — 

A  Pasteur  solution  of  half  the  strength  given  in  our  former  paper, 
and  therefore,  for  reasons  stated  in  that  paper,  difficult  to  sterilise  by 
insolation,  was  divided  between  six  tubes. 

Two  of  these  were  simply  sealed,  and  therefore  contained  an  atmo- 
sphere of  ordinary  air. 

Two  were  exhausted  at  the  Sprengel  pump  till  the  gauge  stood  at  a 
height  of  22  inches,  when,  1^  means  of  the  apparatus  described  in  the 
Appendix,  nitrogen  was  admitted,  and  the  tubes  being  sealed,  conse- 
qnentiy  only  contained  about  one-twentieth  of  oxygen  in  their  atmo- 
spheres. The  remaining  two  tubes  were  exhausted  thoroughly  and 
pure  oxygen  admitted  in  the  same  manner  as  the  nitrogen. 

One  tube  of  each  series  was  incased  in  laminated  lead,  the  com- 
panion tube  being  insolated. 

In  two  days  all  the  incased  tubes  were  equally  turbid  with  Bacteria, 

In  two  days  more  the  insolated  tube,  with  ^th  oxygen  atmosphere, 
was  turbid  with  Tonda  and  Bacteria, 

Next  day  after  this,  the  insolated  tube,  with  an  atmosphere  of 
ordinary  air,  became  hazy  with  Bacteria, 

The  tube,  with  an  atmosphere  of  pure  oxygen,  remained  unchanged 
for  some  days  later,  when  a  deposit  of  Tortda  commenced  to  form  at 
the  bottom. 

We  conclude,  therefore,  both  from  analogy  and  from  cGrect  experi- 
ment, that  the  observed  action  on  these  organisms  is  not  dependent  on 
light  per  se,  but  that  the  presence  of  free  oxygen  is  necessary  ;  light 
and  oxygen  together  accomplishing  what  neither  can  do  alone :  and 
the  inference  seems  irresistible  that  the  effect  produced  is  a  gradual 
oxidation  of  the  constituent  protoplasm  of  these  organisms,  and  that, 
in  this  respect,  protoplasm,  although  living,  is  not  exempt  from  laws 
which  appear  to  govern  the  relations  of  light  and  oxygen  to  forms  of 
matter  less  highly  endowed.f    A  force,  which  is  indirectly  absolutely 

*  The  oommonest  form  of  organism  in  these  exhausted  tubes  consisted  of  filaments 
of  varjing  length,  ranging  perhaps  from  ttAtv''  ^  tW*  often  curnlinear,  composed 
of  minute  spherules  in  linear  series,  with  motion  usually  fibratory  and  undulating, 
frequently  progressive. 

t  That  the  amount  of  free  oxygen  present  need  not  be  large  to  produce  a  definite 
action  upon  Bacteria  is  shown  by  the  fact  that  tubes  containing  Pasteur  solution 
with  a  supernatant  Uyer  of  yaseline,  excluding  all  air,  except  that  preTiously  dissolved 
in  the  solution,  if  encased,  in  a  few  days  become  turbid,  but  may  be  kept  clear  for 


208  Messrs.  A.  Downes  and  T.  P.  Blunt  on       [Dec.  19, 

essential  to  life  as  we  know  it,  and  matter,  in  the  absence  of  which 
life  has  not  yet  been  proved  to  exist,  here  unite  for  its  destruction. 

The  organisms  (Bacteria)  on  which  we  have  mainly  experimented, 
in  their  ordinary  conditions  of  structure  and  development,  afibrd  an 
example  of  protoplasm  in  a  simple  and  uncomplicated  form,  but  it 
would  be  unreasonable  to  suppose  that  this  protoplasm  is  so  essentially 
different  in  its  fundamental  constitution  from  all  other  protoplasm 
that  here,  and  here  only,  is  this  special  effect  of  light  to  be  found. 
There  are,  indeed,  many  facts  which  prove  the  contrary,  and  indicate 
that  we  are  dealing,  not  with  a  special  and  fortuitous  phenomenon, 
but  with  a  general  law. 

But  protoplasm  may  be  very  differently  circumstanced  in  its 
relations  both  to  light  and  oxygen,  it  may  be  protected.  Such  pro- 
tection may  be  afforded  by  : — 

1.  Thickened,  or  opaque,  cell-walls  or  envelopes. 

2.  Special  colouring  matters,  which  filter  out  the  more  injurious 
rays. 

8.  Aggregation  of  cells,  whether  fvee  or  combined  into  tissue,  the 
inner  being  protected  by  the  external. 

4.  Relation  of  the  protoplasm  itself  to  oxygen. 

The  first  three  are  sufficiently  obvious,  but,  as  regards  the  last- 
named  condition  of  protection,  a  few  words  of  explanation  are 
necessary. 

Protoplasm  in  its  relation  to  oxygen  varies  widely.  In  the  vast 
majority  of  cases,  oxygen  in  its  free  gaseous  state,  appears  to  be 
absolutely  essential  for  the  development  and  reproduction  of  proto- 
plasmic life,  bat  the  labours  of  Pasteur  have  sufficiently  demonstrated 
the  power  of  some  organisms,  living  in  absence  of  free  oxygen,  to  take 
it  from  certain  of  its  combinations.  Daring  the  present  summer  we 
have  been  continually  troubled  in  our  investigation  by  the  fact,  that 
either  our  materials,  or  the  air  in  which  we  worked,  had  become  in- 
fected with  a  species  of  small  Torulu,  Solutions  exposed  to  sunlight 
would  remain  clear  for  a  few  days — ^their  incased  companions  in  the 
meantime  becoming  turbid  with  ordinary  Bacteria — bat  slowly  and 
gradually  a  deposit  would  form  at  the  bottom  of  the  solution,  which, 
on  examination,  would  prove  to  bo  the  Torula  in  question. 

Now,  if  we  consider  the  rapidity  with  which  Torvla  removes  dis- 
solved oxygen  £rom  water,*  and  the  comparative  slowness  with  which 

a  consideTable  period  by  insolation.  This  hct^  as  well  as  others,  shows,  by  the  way, 
that  the  action  does  not  depend  on  ozone  formed,  as  Qt>rap  r.  Besanei  beUeves 
("  Ann.  Ohem.  Pharm.,"  clxi,  282)  is  invariablj  the  case  when  water  eraporates. 
We  hare,  we  may  obserre,  never  been  able  to  detect  the  formation  of  aotive  oxygen 
as  ozone,  or  peroxide  of  hydrogen,  in  cultivation  solutions  or  in  water  expoied  to 
sunlight. 

*  Schfltzenberger,  "  Fermentation,*'  pp.  107  and  184. 
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water  diflsolves  that  gas,  we  shall  at  once  see  that  the  Tonda^  deriving 
its  respiratory  oxygen  from  the  sugar  of  the  solution,  is  all  this  time 
living  comparatively  in  absence  of  free  oxygen,  and  we  understand 
how  the  relations  of  protoplasm  to  oxygen,  by  enabling  it  in  some 
forms  to  be  largely  independent  of  the  unoombined  gas,  may  prove  a 
source  of  protection  against  the  oxidising  action  of  light. 

In  some  cases,  indeed,  the  affinity  of  organisms  for  oxygen  would 
appear  to  be  so  great  that,  when  presented  to  them  in  its  gaseous  and 
unoombined  state,  it  acts,  not  as  a  source  of  vital  energy,  but  as  a 
poison,  and  we  think  that  protoplasm  will  be  found  to  possess  varying 
degrees  of  tolerance  of  excess  or  deficiency  of  this  element.  To  some 
forms  of  life,  if  Pasteur  be  right,  oxygen  is  injurious  even  when 
diluted  as  in  ordinary  air,  to  others  it  is  hurtful  only  when  oxidation 
is  quickened  by  some  adjavant  force,  as,  for  example,  by  light. 
Finally,  since  light  here  acts  as  an  oxidiser,  it  is  conceivable  that 
there  may  exist  sluggish  forms  of  protoplasm,  whose  oxidising  pro- 
cesses, and,  therefore,  general  growth  and  development,  may  be 
faoourably  augmented  by  a  modified  degree  of  light.  We  are  not  of 
our  present  knowledge,  however,  able  to  point  to  such.* 

In  connexion  with  the  subject  of  this  paper,  it  is  an  interesting 
speculation  whether  any  one  of  the  constituent  elements  of  organic 
bodies  is  specially  subject  to  oxidation  under  light.  We  seem  to  have 
obtained  some  glimpse  of  a  possible  answer  to  this  question  by  a 
few  experiments  upon  the  oxalates.      If  the  constitutional  formula 

of  oxalic  acid  be  rightly  represented  thus,  |J|       >^  ,  a  mode  of      ' 

approach  to  the  problem  seems  to  be  opened,  for  should  we  find  on 
substituting  some  other  element  for  the  hydrogen  that  decomposition 
is  no  longer  produced  by  light,  the  conclusion  would  seem  inevitable 
that  the  destruction  of  the  molecxde  of  oxalic  acid  was  effected  through 
the  oxidation  of  the  hydrogen. 

On  July  26th  a  solution  of  neutral  oxalate  of  potash  of  decinormal 
strength  was  divided  between  a  number  of  test-tubes,  some  of  which 
we  incased  while  some  were  insolated  in  the  URual  way.  At  the  same 
time  a  decinormal  solution  of  oxalic  acid  was  similarly  treated. 

August  26th,  The  insolated  oxaHc  acid  solution  is  completely  decom- 
posed, but  the  incased  oxalic  acid  solution  is  unaffected.  The  solutions 
of  oxalate  of  potash,  both  incased  and  insolated,  remain  quite  un- 
changed, and  are  still  neutral  to  test-paper. 

*  From  what  we  hare  said,  it  would  follow  that  the  organisms  most  injuriously 
affected  by  light  would  be  found  to  he  those  whose  protoplasm  is  "  unprotected," 
haying  high  affinities  for  oxygen,  but  yet  for  tlie  most  part  requiring  it  unoombined, 
and  at  the  same  time  being  so  minutely  particulate  as  to  offer  in  point  of  surface  the 
greatest  facility  for  access  both  of  light  and  of  oxygen,  all  of  which  conditions  are 
exemplified  hy  the  ordinary  forms  of  Bacteria, 
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We  are  justified,  therefore,  in  concluding  that,  in  this  case  at  least, 
the  destractioB  of  as  organic  body  in  light  is  due  to  the  oxidation  of 
its  hydrogen. 

Appbhdix. 
Vaetmm  Apparahtt. — In  oondncting  our  experimantit  in  vaono,  or  in 
a  modified  atnuMphere,  obtained  hy  means  of  the  Sprengel  pomp,  it 
was  neoessary  to  ensure  that  the  tabes  compared  should  be  under 
exactly  similar  oonditions  with  regard  to  pressure;  and  it  seemed 
desirable,  thsrefore,  to  eshanst  the  pairs,  or  double  pairs,  at  one  opera- 
tion. With  this  object  an  adapter  was  contrived,  which,  though  simple 
in  its  construction,  proved  so  efficient  that  it  may  be  worth  while  to 
describe  it  in  detail 

FlO.  S.'-o, "  ihoiilder."    b,  the  point  of  Maling  after  elhtHUtioii. 


A  piece  of  glass  tubing,  H  inches  long,  {  inch  in  diameter,  and  open 
at  both  ends,  which  were  slightly  lipped,  was  fitted  with  two  cttontohouc 
stoppers,  one  of  which,  pierced  witii  a  single  bole,  served  for  oi 
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with  the  entrance  tube  of  tbe  pump,  while  the  other  had  bored  in  it 
four  holes  into  which  the  ends  of  the  experimental  tnbes  were  pushed 
until  the  '*  shonlder "  (see  fig.  8)  was  firmly  thmst  against  the  india- 
rubber.  All  junctions  were  luted  with  yiscid  glycerine,  and  it  was 
found  that  a  good  vacuum  could  then  be  produced  and  maintained  for 
a  considerable  time. 

In  order  conveniently  to  seal  off  the  tubes  they  were  again  drawQ 
oat  below  the  shoulder,  so  that  when  complete  they  had  the  shape 
given  in  the  figure  (fig.  3). 

When  atmospheres  of  special  composition  were  required  the  mode 
of  procedure  was  somewhat  different ;  one  of  the  four  holes  in  the 
outer  caoutchouc  stopper  was  then  appropriated  to  a  gauge,  formed  of 
a  straight  piece  of  tubing  of  sufficient  length,  dipping  under  mercury : 
into  another  hole  was  fitted  a  glass  tube  to  which  was  attached  a  piece 
of  india-rubber  tubing  with  a  clamp.  The  pump  was  then  worked 
until  the  gauge  showed  the  required  tension,  when  the  gas  was  admitted 
from  a  small  gasholder  by  attaching  the  stop-cock  of  the  gasholder  to 
the  india-rubber  tubing  and  opening  the  clamp. 

The  nitrogen  used  was  prepared  by  removing  the  oxygen  from  atmo- 
spheric air,  either  by  the  prolonged  action  of  alkaline  solution  of 
pyrogallic  acid,  or,  in  some  instances,  by  the  combustion  of  phos- 
phorus ;  in  the  latter  case  the  oxides  of  phosphorus  were  removed  by 
agpitating  with  solution  of  caustic  potash. 

Our  oxygen  was  made  by  heating  pure  chlorate  of  potash  alone  in  a 
tube  of  hard  glass ;  lest  any  trace  of  ozone  or  chlorine  should  bo 
present  the  gas  was  slowly  bubbled  through  solution  of  iodide  of 
potash;  this  precaution,  however,  appeared  to  be  superfluous,  the 
iodide  solution  remaining  colourless. 

Postscript.    Received  October  18,  1878. 

The  oxidation  of  hydrogen  by  light,  demonstrated  in  the  case  of 
oxalic  acid,  naturally  suggests  an  inquiry  into  the  deportment  of 
oxygen  towards  hydrogen  in  sunlight  under  other  conditions. 

We  have  not,  for  the  present  at  least,  an  opportunity  of  examining 
this  question  in  the  detail  which  it  demands,  but  we  think  that  it  may 
be  of  interest  to  append  to  our  paper  the  following  brief  observations. 

One  of  the  best  known  facts  in  the  chemistry  of  light  is  the  combi- 
nation effected  between  chlorine  and  hydrogen,  and  in  their  behaviour 
towards  hydrogen  under  the  influence  of  light  the  halogens  form  nn 
interesting  series.  Thus,  while  chlorine  and  hydrogen  unite  explosively 
in  sunlight,  bromine  and  hydrogen  are  with  difficulty,  if  at  all,  induced 
to  combine,  and  iodine  and  hydrog^  do  not  unite  at  all.  Again,  water 
may  be  decomposed  with  the  aid  of  sunlight  both  by  chlorine*  and  by 

•  Cl3  +  HsO-2HCl  +  0. 
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bromine,*  but  not  by  iodine.  Finally,  while  hydrochloric  and  hydro- 
bromic  acid  in  aqueous  solution  each  resist  decomposition  when  insolated 
in  the  presence  of  free  oxygen,  it  is  known  that  hydriodio  acid  under 
like  conditions  is  rapidly  destroyed.f  This  destruction,  according  to 
our  experiments,  is  promoted  by  all  the  rays,  but  is  much  less  active 
behind  red  glass  than  behind  blue.  It  occurs  also^  but  more  slowly, 
in  the  dark. 

Here  we  appear  to  haye  a  phenomenon  analogous  to  the  oxidation  of 
the  hydrogen  of  oxalic  acid. 

The  question  arises  how  far  a  preliminary  dissociation  of  the  con- 
stituent atoms  of  the  molecule  may  influence  the  reaction.  It  has  been 
dearly  shown  by  M.  Lemoineij;  that  hydriodic  acid  g<M  is  completely 
dissociated  by  light;  but  the  same  observer  states  that  in  aqueous 
solution  no  such  dissociation  in  sunlight  can  be  demonstrated— a  fact 
observed  also  by  M.  Berthelot.  It  may  be,  however,  that  the  pho* 
nomena  of  dissociation  and  oxidation  under  Hght  may  go  on  side  by 
side,  the  presence  of  oxygen  |HX>moting  the  splitting  of  hydriodio 
acid  by  its  determining  affinity.  In  like  manner  it  may  be  that  in  the 
decomposition  of  oxalic  acid  the  oxygen  plays  a  similar  part,  deter- 
mining the  dissociation  of  CaOi.Hj,  and  replacing  the  dissociated 
radicle  CsOi.  The  analogy  of  chlorine,  however,  leads  us  to  the  belief 
that,  in  its  relations  to  hydrogen  under  the  influence  of  light,  oxygen 
may  be  classed  with  that  element;  but  the  reactions  above  noted 
would  seem  to  indicate  that^  under  these  conditions,  its  affinity  for 
hydrogen  is  inferior  to  that  of  either  chlorine  or  bromine.  § 

We  would  note  also  the  following  known  reactions  which  occur  in 
air  and  sunlight : 

(I.)  The  decomposition  of  arsenamine  with  formation  of  water  and 
deposition  of  arsenic. 

(2.)  The  absorption  of  oxygen  by  and  precipitation  of  sulphur  from 
sulphuretted  hydrogen; — reactions  which,  although  occurring  in  the 
dark,  are  accelerated  by  sunlight. 


V.  "  Note  on  the  Influence  exercised  by  light  on  Organic  In- 
fusions." By  John  Tyndall,  D.C.L.,  F.R.S.,  Professor  of 
Natural  Philosophy  in  the  Royal  Institution.  ReceiTed 
December  1 7,  1878. 

Early  last  June  I  took  with  me  to  the  Alps  50  small  hermetically 
sealed  flasks  containing  infusion  of   cucumber,  and  50  containing 

•  Bp,  +  HjO-2HBr  +  0. 
t  2HI  +  0-Ia  +  HA 
%  "  Annales  de  Chim.  et  de  Phys.,'*  [5],  t.  xi. 
§  Under  ordinary  conditions  the  direct  combination  of  oxygen  and  hydrogen 
gases  does  not  occur  in  sunlight 
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turoip  infasion.  Before  sealing  thej  had  been  boiled  for  five  minutes 
in  the  laboratory  of  the  Royal  Institution.  They  were  carefully 
packed  in  sawdust,  but  when  unpacked  the  fragile  sealed  ends  of 
about  20  of  them  were  found  broken  off.  Some  of  these  injured 
flasks  were  empty,  while  others  still  retained  their  liquids.  The  80 
unbroken  flasks  were  found  pellucid,  and  they  continued  so  throughout 
the  summer.  All  the  broken  ones,  on  the  other  hand,  which  had 
retained  their  liquids,  were  tnrbid  with  organisms. 

Shaking  up  the  sawdust,  which  I  knew  must  contain  a  considerable 
quantity  of  germinal  matter,  I  snipped  off  the  ends  of  a  number  of 
flasks  in  the  air  above  the  sawdust.  Exposed  to  a  temperature  of  70° 
or  80**  F.,  the  contents  of  all  these  flasks  became  turbid  in  two  or 
three  days. 

The  experiment  was  repeated ;  and  after  the  contaminated  air  had 
entered  them,  I  exposed  the  flasks  to  strong  sunshine  for  a  whole 
snmmer*8  day;  one  batch,  indeed,  was  thus  exposed  for  several 
successive  days.  Placed  in  a  room  with  a  temperature  of  &om  70^ 
to  80°  F.,  they  all,  without  exception,  became  turbid  with  organisms. 

Another  batch  of  flasks,  after  having  their  sealed  ends  broken  off, 
was  infected  by  the  water  of  a  cascade  derived  from  the  melting  of 
the  mountain  snows.  They  were  afterwards  exposed  to  a  day's  strong 
sunshine,  and  subsequently  removed  to  the  warm  room.  In  three 
days  they  were  thickly  charged  with  organisms. 

On  the  same  day  a  number  of  flasks  had  their  ends  snipped  off  in 
the  open  air  beside  the  cascade.  They  remained  for  weeks  trans- 
parent, and  doubtless  continue  so  to  the  present  hour. 

I  do  not  wish  to  offer  these  results  as  antagonistic  to  those  so 
clearly  described  by  Dr.  Arthur  Downes  and  Mr.  Thomas  Blunt,  in 
the  "  Proceedings  of  the  Royal  Society,'*  for  December  6th,  18 77.* 
Their  observations  are  so  definite  that  it  is  hardly  possible  to  doubt 
their  accuracy.  But  they  noticed  anomalies  which  it  is  desirable  to 
clear  up.  On  the  10th  of  July,  for  example,  they  found  9  hours' 
exposure  to  daylight,  3^  hours  of  which  only  were  hours  of  sunshine, 
sufficient  to  effect  sterilization ;  while,  on  the  29th  of  July,  "  a  very 
hot  day,  with  much  sunshine,"  11  hours'  exposure,  "  9  of  which  were 
true  insolation,"  failed  to  produce  the  same  effect.  Such  irregu- 
larities, coupled  with  the  results  above  recorded,  will,  I  trust,  induce 
them  to  repeat  their  experiments,  with  the  view  of  determining  the 
true  limits  of  the  important  action  which  those  experiments  reveal. 

•  Vol.  xxyi,  p.  488. 


VOL.  XXVIII. 


214  Mr.  W.  K.  Parker  on  the  Structure  and       [Dec.  19, 

VI.  "  On  the  Structure  and  Development  of  the  Skull  in  the 
Lacertilia.  Part  I.  On  the  Skull  of  the  Common  Lizards 
(Tjocerta  offilis^  L.  viridisy  and  Zootoca  vivipara),^^  By  W. 
K.  Parker,  F.R.S.    Received  October  18, 1878. 

(Abstract.) 

The  jonngest,  and  therefore  the  most  important,  embryos  that  have 
been  worked  out  in  thi^  present  piece  of  research,  wore  sent  me,  with 
those  of  the  snake,  by  Dr.  Max  Brann,  of  Wurzbnrg. 

Other  valuable  specimens  were  the  gifts  of  Professor  T.  Bnpert 
Jones,  F.R.S.,  and  Professor  Alfred  H.  Garrod,  F.R.S. 

The  three  species  worked  out  are  closely  related,  and  two  of  them 
are  native  to  this  country :  these  familiar  8a/nd  Lizards  are  amongst 
the  smallest,  and  yet  the  most  highly  specialized,  types,  to  be  found 
among  the  Reptilia. 

This  type  may  be  taken  as  a  sort  of  "  norma,"  and  by  it  all  the 
other  Lacertilia  may  be  measured,  as  it  were,  when  their  height  in  the 
Reptilian  scale  is  to  be  determined. 

When  such  forms  as  HaMeria  and  the  chamaeleon  are  compared 
with  a  typical  Lacertian,  then  wo  see  how  much  there  is  that  is  gene- 
ralized in  those  outlying  species. 

Putting  together  what  I  have  learned  as  yet  of  the  structure  of  the 
skull  in  the  true  Reptiles,  and  comparing  what  is  seen  in  these  cold- 
blooded Sauropsida  with  what  is  seen  in  the  hot-blooded  bird,  I  have 
come  to  the  conclusion  that  the  common  lizard  is  a  culminating  type. 

The  snake,  the  tortoise,  and  the  crocodile,  notwithstanding  their 
own  peculiar  specializations,  are  yet  more  general  in  their  nature 
than  the  nobler  and  higher  kinds  of  lizards  :  this  is  especially  shown 
by  the  number  of  characters  that  are,  in  the  latter,  in  conformity  with 
those  of  the  bird. 

And,  indeed,  with  the  high  or  Carinate  bird ;  for  the  skull  of  the 
RatitsB  (ostrich  and  cassowary)  does  not  undergo,  in  several  things, 
so  much  metamorphosis  as  the  skull  of  the  typical  lizard ;  for,  as  I 
showed  long  ago,  these  birds  are  not  devoid  of  a  Batrachian  strain. 

Of  all  the  lizards  known  to  me  the  chamaeleon  is  the  lowest ;  in 
some  respects  the  Chelonians  come  nearer  the  higher  Lacertilia  than 
that  bizarre  type  does.  I  have  carefully  worked  out  the  skuU  in  the 
adult  and  the  ripe  embryo  of  the  common  kind,  and  in  the  adult  of  the 
dwarf  species. 

In  several  things  the  lizard's  skull  is  but  little  modified  from  that 
of  the  snake  ;  this  is  especially  seen  in  the  nasal  structure,  its  glands, 
and  the  bones  of  its  floor ;  so  largely  illustrated  in  my  last  paper. 

These  things  are  not  repeated  in  the  Chelonia  and  crooodilea,  nor  do 
they  exist  in  the  chamsleon;    but  in  many  birds,   especially  the 
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**  songsters,"  these  carious  specializations  reappear,  but  the  parts  are 
lessened  and  modified. 

Even  many  of  those  metamorphoses  of  the  sknll,  which  when  I 
woriced  out  that  of  the  chick  seemed  to  me  to  be  peculiarly  avian,  and 
indeed  not  to  be  fonnd  amongst  the  almost  reptilian  Batitaa,  now 
tnm  out  to  be  lacertian  also. 

For  instance,  the  separate  cartilages  that  pad  the  '*  basi-pterjgoid 
prooesses  "  of  the  sknll  and  the  pterygoid  bones,  at  their  articulation, 
these  appear  in  the  lizard ;  and  even  the  division  of  the  septwn  nasi 
from  the  ethmoidal  wall  begins  in  Lacerta,  and  other  lizards. 

That  separation  of  the  two  regions  has  its  explanation  in  the  higher 
birds,  whose  fore  face  hinges  on  the  skull ;  notably  in  the  parrot. 

In  Lacerta  it  is  a  mere  "  fenestra,"  of  no  use  to  the  creature  ;  so  it 
is  in  the  semi-struthious  Tinamou,  and  in  some  low.  Southern  passe- 
rine birds,  e.g,j  Qrallaria  sqwx/migera. 

But  in  the  huge  Batitse  it  is  as  absent,  as  in  the  Ghelonia,  and 
the  low  chamsBleon. 

This  latter  kind  has  no  column-shaped  bone  on  the  pterygoid  (''  epi- 
pterygoid  ")  ;  that  bone  exists  but  is  small  and  modified  in  the  Ghe- 
lonia; in  birds,  especially  the  *^  songsters,**  it  is  manifestly  b,  process  of 
the  pterygoid,  but  I  have  never  seen  it  as  a  distinct  bone. 

These  are  some  of  the  more  striking  characters  in  the  skull  of  the 
adult  lizard  and  its  saurop»idan  relatives,  namely,  snakes,  tortoises, 
crocodiles,  and  birds :  the  latter,  it  may  be  remarked,  differ  less  in 
their  structure  from  a  lizard  than  many  an  imago-insect  does  from  its 
pupa. 

I  have  a  strong  suspicion  that  the  serpent  is  degraded  as  well  as 
more  ancient  and  generalized,  as  compared  to  the  lizard :  it  has  mani- 
festly  lost  its  ]imbs,  and  the  correlate  of  that  loss  is  an  arrest  of 
the  cartilaginous  cranium.  The  small  rudiments  of  orbitosphenoids 
and  alisphenoids,  seen  in  the  snake,  are  no  longer  an  anomaly  and 
nnexplainable  :  they  are  patches  of  the  large  tracts  in  the  lizard,  which 
has,  contrary  to  what  I  long  believed,  a  large  alisphenoid  on  each  side. 

This  part  is  not  a  continuous  flap  of  cartilage :  in  the  bird  it  is,  but 
it  always  has  a  great  fenestra  in  its  middle,  even  in  them ;  in  the 
lizard  it  is  multi -fenestrate — a  mere  basket-work  of  cartilage,  feebly 
and  partially  ossified. 

In  its  auditory  structures  the  high  Lacertian  corresponds  very 
eloeely  with  the  tortoise  and  the  crocodile,  and  these  three  kinds  differ 
only  in  non-essentials  from  the  bird. 

The  snake  and  the  chamseleon  lie  below  them  all,  but  the  chamaeleon 
is  lower  than  the  snake,  and  has  a  worse  ear  than  most  frogs  and 
toads.  The  lower  jaw  of  the  lizard  and  the  nestling  bird  agree  very 
closely.  The  remains  of  the  hyoid  and  branchial  arches  are  far  more 
ichthyic  in  the  lizard  than  in  the  bird. 

q2 
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From  familiar  things  I  pass  to  things  little  known ;  that  is,  to  the 
early  stages  of  the  lizard. 

In  the  early:  stages  I  cannot  confine  myself  to  the  nerve-supporting 
organs,  but,  of  set  purpose,  let  my  work  overlap  that  of  my  friend 
Mr.  Balfour,  who  is,  to  me,  the  typical  embryologist ;  Mr.  Milnes 
Marshall's  excellent  papers,  however,  are  not  forgotten. 

Much  that  is  figured  of  the  earlier  stages  is  not  described ;  my 
illustrations  can,  however,  easily  he  compared  with  those  of  the 
chick  in  Foster  and  Balfour's  work;  and  with  the  copious  and  exquisite 
illustrations  given  in  Mr.  Balfour's  work  on  the  **  Elasmobranchs." 

The  reader  is  asked  to  refer  to  these  works,  especially  the  latter ; 
that  he  may  see  how  perfectly  my  observations  on  the  embryo  of 
the  lizard  correspond  with  what  Mr.  Balfour  has  discovered  in  other 
types. 

Some  of  the  most  important  of  them  relate  to  structures  that  must 
be  well  understood  before  we  can  gain  even  the  most  elementary  con- 
ceptions of  the  morphology  of  the  vertebrate  skeleton. 

These  are — the  brain  and  main  nerves ;  the  sense-capsules ;  the 
respiratory  openings  (clefts)  through  the  wall  of  the  throat;  the 
**  pituitary  body,"  and  its  relation  to  the  mouth  and  brain ;  and  the 
extension  into  and  subdivision  of  of  the  pleuro-peritoneal  cavity  in  the 
head,  even  in  front  of  the  mouth. 

The  modification  of  the  "  segmental  "  muscular  masses  in  the  head ; 
the  difference  between  the  axial  structures  of  the  head  and  the  body ; 
all  these  things  have  to  be  carefully  attended  to. 

I  will  now  propound  my  own  theory  of  the  skeleton  of  the  head 
and  throat,  as  compared  with  the  skeleton  of  the  body  generally, 
namely,  the  spine  and  thoracico-abdominal  cavity. 

The  undivided  condition  of  the  paired  tracts,  on  each  side  of  the 
notochord,  which  is  so  constant  in  the  head,  is  the  original  state  of 
things ;  the  head  is  archaic,  the  trunk,  with  its  vertebras  intercalating 
with  the  muscle-plates,  is  a  much  more  modem  result  of  evolutional 
metamorphosis  than  the  undivided  head ;  the  limb-girdles  and  limbs 
are  the  newest  of  all. 

Archaic  entomocranial  Vertebrates,  had  no  vertebraB,  properly  speak- 
ing ;  they  had  a  long  head,  composed  of  fourteen  or  fifteen  segments ; 
their  throat  was  a  large  multiperforate  bag ;  and  instead  of  having 
one  vagus  nerve,  they  had  seven  or  eight  pairs  of  vagi,  forking  over 
all  the  respiratory  passages,  except  those  supplied  by  the  glosso- 
pharyngeal and  portio  dura. 

Some  of  them  were  like  CsBcilians;  they  had  long,  vermiform 
bodies,  and  scarcely  any  tail  behind  their  anal  opening ;  they  had  no 
finished  vertebrsB,  but  a  semi-solid,  half -cartilaginous  tube,  surrounding 
the  notochord. 

Others  were  a  sort  of  exaggerated  tadpoles ;  they  were  the  &thers 
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of  all  sncli  as  gradnally  improved  into  the  lai*Yal  condition  (for  a  long 
while  permanent)  of  the  modem  Batrachia,  bat  they  were  Ametdbolous, 
or  arrested. 

These  ancient  bnll-heads  had  a  huge  pharynx,  under  which,  more 
than  behind,  a  very  short  abdomen  was  swnng,  with  a  snake-coiled 
intestine ;  their  body  was  a  mere  lash,  like  the  lash  on  the  tail  of  the 
larva  of  the  smooth  newt  and  Dactylethra,  and  the  lash  of  the  tail  of 
the  adult  ChimcBra. 

The  forms  from  which  the  Marsipobranchii  on  the  one  hand,  and 
the  Ohvmasra  on  the  other,  sprung,  were  intermediate  between  the  two 
extreme  forms  imagined ;  they  were,  however,  close  akin  to  the 
primordial  tadpole. 

What  the  pituitary  body  was,  at  that  time,  when  the  meso- 
Cephalic  flexure  just  appeared;  how  the  vesiculation  of  the  neural 
axis  arose;  and  whether  the  sense-capsules  were  at  first  paired  or 
impaired;  of  these  things  I  will  speak  when  I  have  obtained  more 
light  upon  this  dark  subject. 

But,  even  in  the  foggy  illumination  of  the  present,  we  can  make 
oat  that  6ven  the  term  "  the  vertebral  theory  of  the  skull,"  is  absurd  ; 
▼ertebrsB,  as  sach,  are  a  late  specialization  of  a  Segmented  creature, 
whoee  mouth  is  opposite  its  nervous  axis,  and  on  the  same  aspect  as 
its  main  circulating  organ  (hsDmostomous). 

For  a  long  while  there  was  no  definite  division  into  head  and 
body ;  the  Selachians  show  this  to  this  day ;  their  investing  mass 
or  parachordal  tracts  run  on  from  the  head  into  the  body  without 
division  :  the  occipito-atlantal  articulation  is  very  late  in  its 
appearance. 

Moreover,  both  the  lamprey  and  Heptanchus  show  (or  indicate) 
that  the  head  of  modem  Vertebrates  has  been  greatly  shortened — 
much  more  than  their  throat ;  the  cervical  vertebrae  are  new  segments 
of  the  axis,  intercalated  at  that  part,  to  bind  the  shortening  head  to 
the  retreating  body. 

This  view  is  curiously  strengthened  by  an  observation  of  Mr. 
Balfour's,  with  regard  to  the  formation  of  "  somatomes "  in  the 
cervical  region  of  the  chick ;  the  foremost  do  not  appear  first,  but  the  4th, 
5th,  6th,  &c.,  are  to  be  seen  first,  and  then  the  three  front  segments. 

Dr.  Milnes  Marshall's  observations  on  the  segmental  nerves  of  the 
chick,*  showing  that  the  third,  or  motor  oculi,  is  as  good  a  segmental 
nerve  as  the  great  5th,  or  trigeminal,  and  that  the  olfactory  or  first 
nerve  is  developed  exactly  in  the  same  manner  as  the  other  cranial 
nerves,  namely,  from  the  dorsal  region  of  the  "  epiblast ; "  these 
discoveries,  I  think,  are  of  the  greatest  importance,  and  are  very 
suggestive. 

•  8e©  "Quarterly  Journal  of  Microscopical  Science,"  vol.  xviii,  New  Seriet, 
Platei  2,  3,  pp.  1—31. 
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Even  those  who  are  content  to  work  at  the  development  of  the  low- 
lier types,  such  as  the  worm  and  the  cray-fish,  are  helping  at  this 
good  work,  for  they  are  throwing  light  upon  the  evolation  of  the 
Vertebrates. 


Vn,  "  On  the  Chemical  Composition  of  Aleiirone  Grains.**  By 
Sydney  H,  Vines,  B.A.,  B.Sc,  F.L.S.,  Fellow  and  Lecturer 
of  Christ's  College,  Cambridge.  Communicated  by  Dr. 
Michael  Foster,  Preelector  of  Physiology  in  Trinity  Col- 
lege, Cambridge.    Received  October  22,  1878. 

I.  The  Aleuroue  Chains  of  the  Blue  Luprn.     (Lupinus  variua.) 

The  proteids  stored  up  in  the  seeds  of  certain  plants,  more  especially 
of  LegominosflB,  have  been  stated  by  yarions  observers  to  exist  in  the 
form  of  the  yeg^table  caseins  such  as  Legnmin  and  Gonglatin,  and 
this  view  has  been  advocated  of  late  years  more  particularly  by 
Bitthausen  ("  Die  Eiweiss-Elorper  der  G-etreidearten,  d^c,  1872  ").  In 
1877,  Weyl  published  some  observations  ("  Zeitschr.  fiir  Physiol. 
Chemie,  Bd.  I),  which  tend  to  show  that  the  proteids  exist  in  the 
seeds  of  these  plants  in  the  form  of  globulins,  and  that  the  caseins, 
extracted  by  Bitthausen  and  others,  are  the  products  of  the  alteration 
of  the  globulins  efEected  by  the  reagents  (alkaline  solutions)  used  in 
their  extraction. 

In  order  to  be  in  a  position  to  form  a  decided  opinion  upon  the  sub- 
ject, I  first  repeated  Weyl's  experiments,  using  the  seeds  of  the  blue 
lupin.  I  found  that  on  treating  the  ground  seeds  with  10  per  cent. 
NaCl  solution,  I  obtained  a  fluid  which  gave  all  the  reactions  charac- 
teristic of  fluids  which  hold  globulins  in  solution.  On  dilution  with 
water  it  gave  a  precipitate  of  a  substance  soluble  in  10  per  cent. 
NaCl  solution  (vitellin) ;  and  on  saturating  it  with  NaCl  (rock-salt), 
a  substance  (myosin)  was  precipitated  which  was  soluble  in  10  per 
cent^  NaCl  solution. 

With  the  view  of  ascertaining  the  value  of  Weyl's  suggestion,  that 
the  casein  (conglutin,  Bitthausen)  contained  in  the  lupin  vras  a  pro- 
duct of  the  alteration  of  the  globulin  under  the  action  of  an  alkaline 
solution,  I  made  the  following  experiment :  —  About  50  grms.  of 
the  ground  lupin-seeds  were  placed  on  a  filter,  and  250  cub.  centims. 
0*1  per  cent.  NaHO  solution  poured  over  them.  The  fluid  ran  through 
in  a  few  minutes,  and  was  found  to  give  the  reactions  characteristic  of 
alkaline  solutions  of  yegetable  casein  (see  "  Sachsse,  Chemie  und 
Physiologic  der  FarbstoflTe,"  Ac.,  1877,  p.  267).  The  residue  on  the 
filter  was  then  well  washed  with  distilled  water  until  the  washings 
ceased  to  give  an  alkaline  reaction.  It  was  then  treaied  with  250  cab. 
centims.  10  per  cent.  NaCl  solution,  and  on  testing  the  filtrate  it  was 


1878.]  Chemical  Compodtion  of  AUu/rone  Gh'ains.  319 

found  to  hold  mudi  globulin  in  solution.  The  residue  on  the  filter 
was  then  placed  in  a  beaker  with  500  cub.  centims.  of  the  0*1  per  cent. 
NaHO  solution,  and  allowed  to  stand  for  twentj-four  hours.  At  the 
end  of  that  time  the  alkaline  fluid  was  poured  off,  and  the  residue 
placed  on  a  filter  and  well  washed  with  distilled  water.  On  treating 
it  with  10  per  cent.  NaCi  solution  it  was  impossible  to  extract  from  it 
more  than  the  merest  traces  of  globulin.  It  appears,  therefore,  that 
the  globulin  had  become  altered  bj  the  action  of  the  alkaline  fluid, 
that  it  had  in  &ct  become  dissolved  in  it  in  the  form  of  alkali-albumin. 
Tkb  change  probably  occurs  in  the  extraction  of  conglutin  by 
Bitthausen's  method. 

Moreover,  I  found  that  conglutin  prepared  according  to  Ritfc- 
hansen's  methods  gives  reactions  which  are  characteristic  of  the 
sabstances  formed  when  vsBldous  animal  proteids  are  treated  with 
dilate  acid  or  alkaline  solutions  (acid-albumin,  alkali-albumin) ,  and  it 
does  not  difEer  very  widely  from  these  substances  in  elementary  com- 
position. These  facts  support  the  view  that  conglutin  is  merely  a  pro- 
duct of  the  alteration  of  the  true  reserve-proteids.  Weyl  had  already 
shown  that  no  proteids,  except  such  as  are  soluble  in  10  per  cent. 
NaCl  solution,  can  be  extracted  from  the  seeds  by  treating  them  with 
1  per  cent.  NagCOs  solution.  This  proves  that  conglutin  does  not  pre- 
enst  in  the  seed. 

I  therefore  agree  with  Weyl  in  concluding  that  the  proteids  stored 
up  in  the  seeds  of  the  blue  lupin  consist  of  globulins  (vegetable 
▼itellin  and  vegetable  myosin). 

Subsequent  observations,  however,  assured  me  that  this  is  not  the 
only  form  in  which  the  reserve-proteids  are  present.  I  found  that  the 
10  per  cent.  NaCl  extract  of  the  seeds  contained,  in  addition  to  the 
globiilins,  a  proteid  in  solution,  which  was  not  precipitated  by  boiling, 
or  by  saturation  with  rock-salt,  or  by  dilution  with  distilled  water.  This 
substance  may  be  isolated  by  extracting  the  ground  seeds  with  distilled 
water ;  boUing  the  extract  several  times  to  remove  all  traces  of  globulin ; 
evaporating  to  small  bulk  over  a  water-bath,  and  allowing  the  fluid  to 
filter  into  absolute  alcohol.  As  it  drops  into  the  alcohol  a  dense  pre- 
cipitate is  formed.  The  substance  which  is  thus  precipitated  is  readily 
soluble  in  distilled  water  even  after  being  exposed  for  months  to  the 
action  of  alcohol.  Its  solution  in  distilled  water  does  not  become 
turbid  on  boiling ;  it  gives  a  precipitate  on  the  addition  of  a  drop  of 
HNOt,  which  is  soluble  in  excess  of  acid ;  it  gives  the  xanthoproteic 
and  Millon's  reactions ;  it  gives  an  immediate  precipitate  with  acetic 
acid  and  potassic  ferrocyanide ;  and  it  gives  a  bright  pink  colour  when 
treated  with  excess  of  strong  NaHO  solution  on  the  addition  of  a  drop 
of  dilute  GuSOa  solution.  The  substance  does  not  dialyse.  These 
properties  and  reactions  indicate  that  the  substance  is  allied  to  the 
peptones.     It  most  nearly  resembles  the  a  peptone  of  Meisoner,  or» 
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adopting  Kiihne's  nomenclature  ("  Verhandl  d.  Nat.-Med.  Vereins  zn 
Heidelberg,"  Band  1, 1876),  the  substance  to  which  he  gives  the  name 
of  Uemialbumose ;  a  name  which  may  be  provisional! j  applied  to  this 
substance  also. 

The  proteids  stored  np  in  the  seeds  of  the  blue  lupin  are  therefore 
of  two  kinds : 

(1.)  Hemialbumose — soluble  in  distilled  water. 

(2.)  Globulins — insoluble  in  distilled  water,  but  soluble  in  10  per 
cent.  NaCl  solution. 

In  order  to  determine  the  exact  distribution  of  these  substances  in 
the  cells  of  the  seed,  I  made  a  series  of  micro-chemical  observations. 
Thin  sections  of  the  cotyledons  were  placed  for  a  few  minutes  in  eiliei 
and  then  in  absolute  alcohol,  in  order  to  remove  the  fatty  matters 
present  which  would  otherwise  interfere  with  the  observation.  A 
section  examined  in  a  drop  of  absolute  alcohol  shows  the  cells  filled 
with  aleurone  grains  lying  in  the  meshes  of  a  delicate  matrix.  They 
are  hyaline  or  faintly  granular,  and  have  a  yellowish  tint.  On  adding 
a  few  drops  of  distilled  water  the  grains  become  coarsely  granular ; 
the  granules  gradually  disappear,  and  then  vacuoles  make  their  appear- 
ance. Further  treatment  with  water  produces  no  apparent  change.  If 
now  a  few  drops  of  10  per  cent.  NaCl  solution  be  added,  the  hyaline 
vacuolated  grains  at  once  disappear,  and  nothing  remains  in  the  cells 
(when  the  section  is  very  delicate)  but  the  network  of  the  matrix.  A 
precipitate  may  be  produced  in  the  fluid  under  the  cover-slip  by 
diluting  it  with  distilled  water.  The  precipitate  assumes  the  form  of 
rounded  drops  of  a  viscous  nature  which  are  readily  redissolved  on  the 
addition  of  NaCl  (vegetable  vitellin).  If  the  section  be  irrigated  with 
10  per  cent.  NaCl  solution  until  the  addition  of  distilled  water  pro- 
duces  no  precipitate,  and  if  it  be  then  well  washed  with  distilled 
water  nothing  remains  within  the  cells  but  the  matrix.  This  is  ren- 
dered conspicuous  by  adding  a  drop  of  solution  of  iodine  which  gives 
it  a  bright  yellow  colour. 

It  is  well  known  that  aleurone  grains  consist  essentially  of  proteids, 
but  the  nature  of  these  proteids  has  not  as  yet  been  determined.  From 
the  foregoing  observations  it  appears  that  at  least  one  proteid  is  pre- 
sent which  is  soluble  in  water,  and  one  which  is  insoluble  in  water  but 
soluble  in  10  per  cent.  NaCl  solution.  The  preceding  chemical'  expe- 
riments suffice  to  prove  that  the  former  is  hemialbumose,  and  that  the 
latter  includes  the  two  forms  of  vegetable  globulin. 

My  observations  on  the  solubility  of  the  aleurone  grains  of  the  bine 
lupin  in  water  agree  in  the  main  with  those  of  Pfeffer  Q*'  Unters.  uber 
Protein-Komer,  Ac.  Jahrb.  f.  -Wiss.  Bot.,"  Band  VIII,  1872,  p.  447), 
but  I  have  been  unable  to  discover  that,  as  he  asserts  in  the  case  of 
Pasonia  and  Cynoglossum  at  least,  long  continued  exposure  to  alcohol 
diminishes  their  solubility  in  witer.     Such  treatment  affects  neither 
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the  solubility  of  the  liemialbiimose  in  water,  nor  that  of  the  globulins 
in  10  per  cent.  NaCl  solution,  bat  it  renders  the  protoplasmic  matrix 
of  the  cells  quite  insoluble  in  dilate  alkaline  solations.  These  facts 
were  established  by  experiments  with  grains  which  had  been  in  alcohol 
for  three  months. 

1  haye  detected  the  presence  of  hemialbumose  in  the  seeds  of  vetches 
and  of  the  hemp  and  flax  plants,  and  I  propose  to  study  the  mode  of  its 
occurrence  in  the  seeds  of  these  and  other  plants,  as  I  have  already 
done  in  the  case  of  the  blue  lupin,  and  further,  to  determine  what  is 
its  exact  significance  in  the  process  of  germination. 


Vlll.  "Report  on  Phyto-Paleeontological  InvestigationB  generally 
and  on  those  relating  to  the  Eocene  Flora  of  Great  Britain 
in  particular/'  By  Dr.  CJonstantin  Baron  Ettingshausen, 
Professor  in  the  University  of  Graz,  Austria.  Communi- 
cated by  Professor  Huxley,  Sec.  R.S.  Received  December 
12,  1878. 

When,  about  thirty  years  ago,  I  began  to  direct  my  attention  to  the 
study  of  the  fossil  Flora,  the  knowledge  of  fossil  forms  of  plants  was 
confined  almost  exclusively  to  forms  of  the  Palaeozoic  formations.  Of 
the  Tertiary  Flora  there  existed  at  that  time  a  very  imperfect  concep- 
tion ;  but  few  beds  of  Tertiary  plants  were  known,  and  these  had  been 
only  superficially  examined.  Leaf-skeletons  had  not  been  examined, 
and  consequently  the  characteristic  marks  upon  them  were  not  avail- 
mble  for  the  purpose  of  instituting  a  comparison  with  the  fossil  leaves. 
The  fossils  themselves  were  only  obtained  from  stones  which  had  been 
exposed  to  the  air,  and  were  easily  split  asunder,  and  it  was  thus  im- 
possible to  arrive  at  any  accurate  knowledge  of  the  nature  of  the  old 
world  plants.  In  fact,  parts  of  one  and  the  same  plant  were  often 
regarded  as  plants  of  different  genera.  Thus  on  making  a  closer  and 
more  careful  investigation  into  the  Coal  Flora  of  Bohemia,  I  was  able 
to  show  that  the  Asterophyllites  are  the  branches,  and  the  Volkmannim 
the  fruits  of  the  Galamites. 

It  appeared  to  me,  therefore,  necessary  that  I  shoald  devote  myself 
to  the  study  of  the  so-much-neglected  Flora  of  the  Cainozoic  forma- 
tions.    With  this  object  in  view,  I  determined : — 

FirsUy,  to  collect  fossil  plants  as  completely  as  possible,  in  order  that 
my  investigation  should  produce  results  on  which  I  might  entirely  rely. 

Secondly,  to  improve  the  method  of  investigation,  especially  with 
regard  to  the  working  out  of  the  skeletons  of  the  leaves  of  living 
plants,  so  as  in  that  way  to  acquire  sure  standpoints  from  which  to 
determine  the  species  of  the  fossil  leaves. 

Tfcm%,  not  to  confine  the  scope  of  the  inquiry  within  the  limits  of 
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mere  paladontological  interest,  but  above  all  to  extend  it  to  the  unveil- 
ing of  the  history  of  the  development  of  the  whole  vegetable  kingdom. 
As  in  studying  the  Eocene  Flora  of  Great  Britain  I  shall  follow  the 
path  of  the  inquiry  which  I  originally  took,  I  must  begin  by  giving  an 
account  of  my  method  of  investigating  fossil  plants,  and  I  shall  then 
explain  the  result-s  which  I  have  obtained. 

I. — Ths  Method  of  obtaining  Fossil  PUmts. 

It  has  been  usual  to  collect  fossil  plants  by  splitting  the  pieces  of 
rocks  with  a  hammer.  The  more  a  stone  has  been  exposed  to  the  action 
of  the  weather,  the  easier  it  is  to  break  it  and  lay  bare  what  is  within. 
But  fossil  plants  found  under  such  circumstances  are  no  longer  in  good 
preservation :  they  have  suffered  greatly  from  exposure  to  the  weather, 
and  generally  only  the  outlines  are  visible ;  their  structure  and  the  finest 
veins  of  the  leaf-skeleton  are  lost.  Stone  when  it  has  not  been  exposed 
to  the  air  is  not  easily  split ;  the  more  compact  it  is  the  more  difficult 
it  wiU  be  found  to  obtain  the  fossils  in  this  way.  Under  &vourable 
circumstances  only  fragments  of  the  fossils  are  obtained.  By  the 
forcible  splitting  of  pieces  of  rocks  with  a  hammer  it  is  only  possible 
to  succeed  very  imperfectly  in  obtaining  fossil  plants,  besides  which  it 
must  always  be  a  lucky  chance  that  the  hammer  strikes  that  part  o£ 
the  stone  in  which  the  plants  lie  concealed,  and  that  it  has  not  been 
injured  by  the  blow,  for  a  large  number  of  fossils  are  lost  in  this  way, 
or  remain  undiscovered  in  the  stone.  I  have  found  a  method  by  which, 
fossil  plants  can  be  satisfactorily  got  out  of  the  most  compact  rooks 
without  using  a  hammer. 

The  pieces  of  rocks  are  for  a  considerable  time  subjected  to  a 
thorough  soaking  under  the  pressure  of  two  or  three  atmospheres.  In 
an  iron  vessel  full  of  water  brought  into  connexion  with  a  stand-pipe 
the  stones  are  left  lying  for  half  a  year  (most  advantageously  in  summer- 
time).  In  those  places  where  there  is  a  fossil  in  the  stone  the  mateyial 
of  the  stone  is  not  continuous.  Thus  numerous,  often  microscopi- 
cally small,'  splits  and  other  hollow  spaces  are  found  along  tlie  fossil 
plants.  These  hollow  spaces  get  filled  little  by  little  with  water.  Then 
the  stones  which  have  been  treated  in  this  manner  are  exposed  to  an 
intense  cold,  —15°  to  20°  C.  The  water  in  the  hollow  spaces  is 
turned  into  ice,  and  by  this  means  the  stones  are  burst  asunder  on  the 
spot  where  there  are  petrifactions.  The  stones  open  of  themselves, 
and  show  what  they  contain.  The  more  compact  the  stone  the  saror 
and  more  complete  by  this  method  is  the  successful  acquisition  of  the 
fossil  plants.  They  show  the  original  state  in  which  they  were  pre- 
served. With  very  hard  stones  the  soaking  and  the  subsequent 
freezing  must  be  frequently  repeated.  On  the  first  action  of  the  firoat 
the  splits  and  hollow  spaces  are  widened  by  the  formation  of  ioe  within 
them  to  the  surface  of  the  stone.    These  must  be  quite  filled  again  with 
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water ;  the  stone  will  thns  be  raised  to  a  higher  temperataie  and  again 
exposed  to  the  soaking  process.  The  ioe  formation  and  the  soaking 
being  thus  employed  iJtematelj,  the  widening  of  the  splits  increases, 
till  at  last  the  stone  opens  of  itself  exactly  along  the  enclosed  fossil, 
which  then  comes  to  the  light  of  day  nninjored  and  in  the  best  state  of 
preservation. 

This  method  offers  not  only  the  advantage  of  securing  for  investiga. 
iion  the  most  complete  and  well  preserved  fossil  plants,  bat  it  yields 
abo  a  much  larger  amount  of  material  than  could  be  obtained  by  the 
old  method  of  forcibly  splitting  with  a  hammer.  In  this  way  no  fossil 
can  be  lost.  All  the  fossil  plants  in  the  stones  are  uninjured.  Luck 
and  chance  are  excluded.  To  obtain  an  abundant  supply  of  useful 
material  for  investigation  is  of  the  greatest  importance  for  the  study 
of  Phyto-Palnontology  and  must  lead  to  better  and  surer  results. 

II. — Method  of  Investigating  Fossil  Plants. 

Phyto-PalaBontologists  have  hitherto  made  too  many  species.  Un- 
fortunately authors  have  been  too  readily  disposed  to  adopt  as  a  new 
species  every  slightly  differing  form.  Consequently  not  only  is  science 
encumbered  by  a  useless  burden,  but  it  is  itself  brought  into  a  discredit 
which  has  occasioned  serious  injury  to  the  progress  of  this  branch  of 
science.  The  most  important  way  of  remedying  this  evil,  lies  in 
procuring  abundant  material  for  investigation,  showing  a  series  of 
forms,  and  thus  causing  the  false  species  to  disappear.  A  collection 
of  fossil  plants  acquired  by  careful  study  must  therefore  contain  not  only 
rare  specimens,  but  as  large  a  number  as  possible  of  a  series  of  forms  of 
common  fossils.  These  series  should  be  divided  into  two  groups,  the 
series  of  the  contemporaneous,  and  of  the  non-contemporaneous 
(genetic)  forms.  The  first  is  obtained  by  the  bringing  together  the 
forms  of  a  fossil  out  of  the  extension  of  one  and  the  same  layer 
(horizontal  extension),  the  second  in  the  searching  for  a  fossil  in 
different  horizons  (vertical  extension).  The  latter  series  supplies  the 
material  for  the  phylogeny  of  the  species,  the  complete  elucidation 
of  which  is  of  the  highest  importance  for  the  history  of  the  develop- 
ment of  the  vegetable  world. 

A  second  way  of  removing  the  above-mentioned  unsatisfactory  state 
of  things  would  be  to  put  aside  certain  obsolete  notions  and  prejudices. 
People  are  prone  to  admit  mere  differences  of  stratigraphical  position  as 
sufficient  ground  for  the  acceptance  of  a  particular  species,  when  indeed 
there  appears  to  be  no  substantial  reason  arising  out  of  its  distinctive 
character.  Only  too  often  an  insignificant  difference  of  form,  then  re- 
garded as  important,  is  held  to  juKtify«the  acceptance  of  a  species,  if  the 
fossil  belongs  to  another  horizon  or  another  formation.  My  experience, 
however,  has  led  me  to  the  conclusion,  that,  in  many  cases,  one  species 
passes  through  many  horizons  and  indeed  through  g^reatei^  periods, 
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and  fchat  the  Dumber  of  the  species  is  reduced  all  the  more  rapidly 
the  more  remote  the  Flora  is  from  that  of  the  present  world.  But  of 
this  more  later  on. 

The  method  of  investigating  fossil  plants  must,  above  all  things,  be 
directed  to  their  exact  classification,  and  consequently  to  a  knowledge 
of  the  facts  on  which  the  history  of  the  development  of  the  vegetable 
kingdom  is  supported.  This  however  is  only  made  possible  by  most 
carefully  comparing  fossil  plants  with  living  ones.  Unfortunately,  in 
this  respect,  so  many  faults  and  mistakes  have  been  committed,  that 
the  greater  part  of  the  determinations  as  yet  arrived  at  require 
revision  and  correction.  Hitherto  the  fossils  have  not  been  compared 
accurately  enough  with  the  recent  vegetable  world.  It  may  be  frankly 
said,  that  most  phyto-palsBontologists  possess  too  little  botanical 
knowledge ;  how  can  it  be  expected  of  a  novice  in  botany,  that  he 
should  classify  fossil  plants  correctly,  if  he  do  not  thoroughly  know 
the  living  ones  ? 

The  most  frequent  difficulties  arise  in  classifying  the  fossil  leaves 
which  form  by  far  the  greatest  number  of  fossil  plant  remains.  The 
leaf  skeleton  which  ofEers  the  most  important  marks  for  their  classifi- 
cation must  first  be  studied  with  this  object,  for  the  systematic 
botanists  have  barely  regarded  this  matter  at  all.  I  may  indeed  point 
out,  as  a  very  fortunate  circumstance,  that  exactly  at  the  time  I  was 
much  occupied  with  this  work,  Nature  Printing  was  invented  in  the 
State  Printing  Office,  at  Vienna  (1852),  an  operation  by  which  the 
leaves  of  living  plants  with  all  the  details  of  their  finest  veins  were 
printed  off  in  the  most  accurate  manner. 

I  was  permitted  to  publish  a  series  of  works  on  the  leaf-skeleton 
together  with  illustrations  in  nature  printing  with  the  object  of  com- 
paring them  with  fossil  plants.  The  marks  on  the  leaf-skeleton  were 
examined  and  arranged,  and  at  present  all  the  families  of  living  plants 
which  are  of  importance  in  relation  to  the  fossil  Flora  have  been 
already  brought  into  scientific  order  according  to  their  leaf -skeletons. 

III. — Object  and  Plan  of  the  Investigation  of  Fossil  Plants. 

Fossil  plants  are  often  examined  only  for  palsBontological  or 
geological  purposes,  but  in  the  opinion  of  the  author  it  is  also 
necessary  to  consider  the  interests  of  botany.  We  mast  in  this 
always  take  our  departure  from  the  known  to  discover  the  un- 
known. We  proceed,  therefore,  from  the  Flora  of  the  present  world, 
step  by  step,  to  the  primsdval,  and  thus  have  first  to  investigate  the 
Cainozoic  Flora.  Only  when  these  have  been  fully  examined  and 
their  connexion  with  the  living  Flora  completely  ascertained,  can  the 
Mezozoic  Flora  be  so  worked  out  that  the  genetic  connexion  of  the 
Cainozoic  Flora  with  the  latter  will  be  determined.  The  final  object 
of  these  labours  will  be  the  investigation  of  the  Palasozoic  Flora, 
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and  through  them  the  question  of  the  origin  of  the  vegetable  kingdom 
will  receive  such  an  answer  as  is  open  to  human  inquiry. 

How  is  it  possible  to  discover  the  genetic  connexion  of  Floras 
following  each  other  in  immediate  succession  ? 

The  successive  Floras  of  different  ages  are  not  sharply  distinguished 
from  each  other,  but  there  are  the  most  manifold  transitions  between 
them.  These  transitions  are  to  be  found  in  the  common  species.  It 
is  therefore  desirable  closely  to  examine,  in  the  above-mentioned 
method,  the  species  most  frequently  met  with,  and  specially  to  select 
from  the  different  varieties  the  progressive  and  retrogressive  forms. 
By  placing  together  these  with  other  varieties  discovered,  in  a  vertical 
direction  (that  is,  crossing  the  horizons  lying  over  each  other),  the 
Phylogenetic  series  are  obtained,  and  therewith  also  the  required 
connecting  links  of  the  Floras. 

As  examples  of  the  Phylogenetic  series,  only  those  of  the  Gastcmea 
atama  and  of  the  Pintia  pcUcBO-strolms*),  found  by  me,  are  at  present 
known.  Other  Phylogenetic  series  which  I  have  discovered  will  be 
published  at  a  future  time. 

IV. — Beaults  relating  generally  to  the  Tertiary  Flora, 

My  method  of  procuring  fossil  plants,  and  the  improved  method  of 
investigation  on  the  one  part,  and  on  the  other  the  direction  of  the 
inquiry  which  I  adopted,  have  led  me  to  results  which  are  very 
little  in  harmony  with  those  obtained  by  the  old  method.  I  can  only 
describe  most  of  the  previously  determined  species  as  being  some  of 
them  incorrect,  and  the  others  of  no  value,  inasmuch  as  the  knowledge 
respecting  them  has  been  derived  from  insufficient  materials.  I  shall 
probably,  however,  not  be  in  a  position  to  adduce  special  proof  of  this, 
and  so  correctly  to  determine  which  the  false  species  are.  On  account 
of  much  new  work,  I  must  be  satisfied  to  refer  to  it  generally,  and 
leave  it  to  future  specialists  to  relieve  science  from  the  mistakes  which 
have  been  made, 

I  have  found : — 

Firstly,  that  all  the  Floras  of  the  earth  stand  in  genetic  connexion 
with  the  Tertiary  Flora.  These  contain  the  original  species  of  the 
recent  Flora  and  plant  forms  of  all  parts  of  the  globe.  The  mixing 
together  of  forms  of  plants  is  clearly  shown,  especially  in  the  Miocene 
Flora,  as  I  at  first  pointed  out  in  the  Tertiary  Flora  of  Austria. 

Secondly,  that  in  each  of  the  recent  Floras  are  to  be  perceived  the 
elements  of  their  common  original  Flora.  They  have,  however,  been 
more  or  less  changed,  and  appear  frequently  altered  into  manifold  forms. 
I  have  given  the  name  of  "  Florenglieder  '*  (members  of  a  Flora)  to 
these  extensively-developed  Flora  elements.     The  character  of  a  Flora 

*  *'  Beitrftge  zur  Erfoncbung  der  Fhjlogenie  der  Pflanzenarten,"  "  Denksohriften 
der  Wiener  Akademie  der  Wiasenschaften,"  Band  xxxviii. 
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has  formed  itself  through  the  greater  development  of  one  element  which 
has  become  the  "  Haupt-Florenglied "  (principal  member  of  a  Flora)  ; 
such  as,  for  instance,  has  occurred  in  the  Flora  of  Australia,*  and  of  the 
Cape.t  The  rest  of  the  genetic  members  have  remi^ned  rudimentary. 
The  Endemic  species  of  European,  Asiatic,  and  East  Indian  genera 
are,  in  the  above-mentioned  Floras,  the  representatives  of  these 
"  Nebenglieder  "  (secondary  members). 

Thirdly,  that  the  species  of  fossil  plants  inclined  much  more  to  the 
formation  of  varieties  than  those  of  living  plants,  and  that  the  varieties 
of  the  fossil  species,  for  the  most  part,  correspond  with  the  species  of 
existing  Flora.  I  have  proved  this  in  the  case  the  Finns  paUBo-strobtUf 
the  varieties  of  which  so  entirely  correspond  with  many  of  the  recent 
Finns  species,  that  the  former  must  be  recognised  as  the  original 
forms  of  the  latter.  At  some  future  time,  I  hope  to  publish  a  demon* 
stration  of  the  genetic  connexion  of  the  varieties  of  many  other 
Tertiary  plants  with  species  of  plants  in  the  living  world. 

V. — Results  relating  to  the  Eocene  Flora  of  Great  Britain. 

The  very  extensive  materials  which  I  have  had  undes  examination 
were  principally  those  of  the  collections  of  the  British  Museum  and 
that  of  Mr.  John  S.  Gardner,  and  I  have  here  to  express  to  Mr.  H. 
Woodward  and  Mr.  Carruthers,  as  well  as  to  Mr.  Gurdner,  my  most 
grateful  thanks  for  their  willing  aid.  I  desire,  also,  especially  to 
acknowledge  my  deep  obligation  to  the  Royal  Society,  from  which 
I  have  received  a  grant  for  the  investigation  of  the  Eocene  Flora  of 
Great  Britain.  Mr.  Gardner  has  gained  for  himself  well  deserved 
acknowledgments  for  the  important  services  he  has  rendered  in  dis- 
covering and  obtaining  a  vast  collection  of  the  Eocene  Flora  of  Ghreat 
Britain,  and  it  has  given  me  great  satisfaction  to  have  been  associated 
with  him  in  the  study  of  this  fossil  Flora. 

As  the  geology  of  the  localities  of  the  Eocene  Flora  of  Great  Britain 
has  been  already  published  by  Mr.  Gardner,  I  proceed  at  once  to  those 
results  which  the  investigation  of  this  Flora  have,  up  to  the  present 
time,  produced.  These  results  can  only  be  partially  indicated  now,  as 
the  comparing  of  the  fossil  Flora  of  Great  Britain  with  other  Floras 
will  not  be  published  until  the  investigations  are  completed.  For  the 
present,  the  monographic  work  of  the  FUices  is  finished  in  manuscript. 

The  Eocene  Flora  of  Great  Britain  is  distinguished  by  a  series  of 
tropical  forms  of  ferns.  Of  these  are  especially  to  be  named  the 
peculiar  genera  of  Fodoloma  and  Olossochlamijs,  which  connect  them- 
selves mostly  with  tropical  forms  of  Folypodium ;  then  the  peculiar 
genus  Menyphyllum  most  nearly  related  to  the  tropical  Aspidiaeece, 

*  Ettingshausen,  "  Die  genetiache  Gliederung  der  Flora  Australiens,"  "  Benk- 
schriften  der  Wiener  Akademie  der  WisBenschaften,"  Band  xxxyii. 

t  Ettingshausen,  "  Die  genetische  Gliederung  der  Cap-Flora,"  "  Sitsungiber.  der 
Wiener  Akademie  der  WiBsenschaften,"  Band  IxxL 
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In  addition  may  be  mentioned  forms  of  Ohrydodium  and  Lygodiwn. 
The  appearance  of  the  genus  Gleichenia  reminds  us  of  the  fern  Flora  of 
the  Cretaceous  period,  while  some  species  of  Pteris  and  Phegopteris  are 
related  to  species  of  the  Miocene  Flora.'  One  fern,  Aspleniies  allusO' 
roidei  Ung,  as  yet  only  known  in  the  Fossil  Flora  of  Sotzka,  has  also 
here  found  its  predecessor. 

The  species  of  the  Eocene  Flora  of  Great  Britain  are  enumerated  as 
follows: — 

Filices  of  the  Eocene  Flora  of  Great  Britain. 


Names  of  Species. 


Localities. 


OSD.  POLTFODIACBJE. 

a.  Acrostichaeea. 
Chiysodiuxn  Lanzsanum.     Fit  sp,     . . 

h,  Polypodiem, 

Podoloma  poljpodioidee.  Ett.  et  Gtxrd, . 

„        affine.     Sit.  et  Oard, 
OlossochlomjB  transmutans.      Stt,  et 

%Jt€tVOr»    >•  .■  *.  .•  .. 

Polypodium  sp.,  near  to  F. 

„  lepidotiim.     Willd, 

c.  Pteridea. 

Adiantam  Camitbersii.  Sti.  et  Qard, . 
Pteris  eooeniea.    Utt.  et  Oard. . 

Boumemouthiana.  Stt.  et  Oard, . 

pseudo-pennsBformis.    Leeq,     . . 


n 


d,  Asplemacea. 
Asplenites    prsD-allusoroides.      Stt.  et 

UrfliK*.   ••  ..  ..  ••  •• 

e,  Aepidiace<B, 

Menyphylluin  elegans.    Stt.  et  Oard. . 

Fhegoptens    pr»-cuspidata.      JEtt.  et 

Oard   . .  . .  . .  •  •  .  • 

Phegopteris  Bimburii.    Seer  . . 

Obd.  Gleicheviacba. 
Gleichenia  hantonensis.    Wanklyn  ap, . 

Obd.  Sohizjbacea. 
Ljgodiiim  Eaidf ussi.    Seer    . . 

Obd.  Obmwdacbs. 

Osmunda  subcretacea.   Saporta 
„        lignitum.     Oieb.  sp,. 


Rtudland,  Bourne- 
mouth. 


Bournemouth 
» 

ft 
tt 


fi 

it 

Counter  Hill 


Bournemouth 


ft 


ft 


Borey  Traoey 
Bournemouth 

Bournemouth 


» 


>» 


Borey  Tracer 
BoumemouuL 


Formation. 


Lower  and  Mid- 
dle Eocene. 

Middle  Eocene. 


If 


» 


»»  »» 


II 


»» 
»» 


Lower  Eocene. 


Middle  Eocene. 


»> 

II 
i> 
» 

If 
» 


II 
II 
II 


II 

11 
II 
II 

It 

II 


II 
*ii 
II 
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The  Society  then  adjourned  over  the  Christmas  Recess  to  Thursday, 
January  9,  1879. 
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January  9,  1879. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
ihem. 

The  following  Papers  were  read : — 


I.  "  Researches  on  the  Absorption  of  the  Ultra- Violet  Rays  of 
the  Spectrum  by  Organic  Substances."  By  W.  N.  Hartley, 
F.Inst.  Chem.,  F.R.S.E.,  F.C.S.,  Demonstrator  of  Chemistry, 
King's  College,  London,  and  A.  K.  HUNTINGTON,  F.Inst. 
Chem.,  A.R.Sc.  Mines,  F.C.S.  Communicated  by  Professor 
G.  G.  Stokes,  Sec.R.S.    Received  October  10,  1878. 

(Abstract.) 

Parts  I  and  II. 

One  of  the  anthors  of  this  paper,  Mr.  Hartley,  haying  stndied  the 
researches  of  the  late  Dr.  W.  A.  Miller  "  On  the  Photographic  Trans- 
X)arency  of  Various  Bodies,"  &c.  ("  Phil.  Trans.,**  1863, 1),  and  of  Pro- 
fessor Stokes,  "  On  the  Long  Spectrum  of  Electric  Light  **  (**  Phil. 
Trans.,*'  1863, 1),  determined  to  study  the  action  of  organic  substances 
on  the  ultra-violet  spectrum.  In  1872,  the  apparatus  of  Dr.  Miller 
was  reconstructed,  and  some  experiments  were  made  which  showed 
that  it  was  capable  of  some  slight  improvements.  Some  time  was 
spent  in  testing  the  value  of  the  photographic  method  of  experiment- 
ing as  compared  with  that  adopted  by  Professor  Stokes,  and  pre- 
ference was  eventually  given  to  the  former,  or  rather  to  a  combina- 
tion of  both  methods,  since  occasional  use  was  made  of  a  focussing 
screen  either  of  uraninm  glass  or  of  white  paper  steeped  in  SBSCuline 
solution  and  dried.  It  was  soon  apparent  that  a  wide  field  of 
investigation  was  opened,  and,  with  the  assistance  of  Mr.  Hunt- 
ington, a  systematic  course  of  examination  of  organic  compounds 
was  commenced  at  the  beginning  of  the  present  year.  In  January, 
1878,  M.  Soret  published  his  **  Recherches  sur  TAbsorption  des 
Rayons  Ultra- Violet  par  diverses  substances"  ("Archives  des 
Sciences  Physiques  et  Naturelles,  Geneve  *'),  which  includes  the  e;c- 
amination  of  many  inorganic  and  some  organic  compounds.  Though 
this  is  a  work  of  very  great  interest,  it  does  not  touch  upon  the  sub- 
ject of  the  present  investigation,  namely,  the  connexion  between 
chemical  constitution  and  diactinic  quality.    M.  Soret  uses  a  spectro- 
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scope  of  his  invention  which  receives  the  ultra-violet  rays  upon  a 
fluorescent  eye- piece,  and  so  renders  them  visible. 

The  Apparatus. — This  consisted  of  a  spectroscope  attached  to  a  pho- 
tographic camera,  the  prism  and  lenses  being  of  quartz.  The  electric 
light  consisted  of  sparks  of  great  intensity  passed  between  metallic 
electrodes.  To  produce  the  sparks  an  induction  coil,  capable  of  giving 
a  7-inch  spark  in  air,  was  excited  by  five  cells  of  Groves'  battery.  A 
Leyden  jar  was  interposed  between  the  coil  and  the  electrodes,  each 
surface  of  the  foil  measuring  72  square  inches.  The  electrodes  found 
to  answer  best  were  points  of  nickel  wire,  containing  a  trace  of 
copper.  Cells  of  glass,  with  quartz  sides,  were  used  for  holding 
liquids  under  examination.  These  cells  were  placed  behind  the  slit  of 
the  spectroscope,  the  spark  passing  in  front ;  volatile  liquids  were  thus 
prevented  from  taking  fire,  and  a  certain  loss  of  light  was  avoided. 
No  condensing  lens  was  used  in  front  of  the  slit,  because  occasionally 
it  was  found  convenient  to  employ  an  amalgam,  containing  zinc,  cad- 
mium, aluminium,  and  magnesium,  dissolved  in  mercury,  in  conjunc- 
tion with  a  point  of  iron,  and  under  these  circumstances  volatilised 
mercury  would  condense  on  the  lens. 

The  Photographic  Process. — It  was  found  by  experiment  that  a  wet 
collodion  process,  as  used  by  Dr.  Miller,  was  disadvant-ageous  for 
several  reasons,  and  therefore  dry  plates  were  used.  A  preference 
was  given  to  gelatine  pellicle  plates,  containing  bromide^  of  silver. 
They  are  quite  sufficiently  sensitive,  give  a  very  finely  defined  picture, 
and  do  not  necessitate  a  varnishing  process.  The  exposure  has 
generally  been  about  10  seconds,  but  on  certain  occasions  plates  have 
been  in  the  camera  for  an  hour  and  a  half.  We  have  found  no  difiS- 
culty  in  obtaining  a  constant  stream  of  sparks,  giving  a  steady  light 
for  three-quarters  of  an  hour  without  intermission. 

The  Measurement  of  Absorption-Bands^  8^c, 

In  order  to  measure  the  degfree  of  absorption  exercised  by  dilEerent 
substances  the  example  of  M.  Soret  has  been  followed,  and  the  lines 
of  cadmium  have  been  taken  for  the  purpose.  M.  Mascart  has 
measured  the  wave-length  of  these  lines  both  for  the  visible  and  the 
ultra-violet  rays.  Sometimes  measurements  on  the  scale  of  wave- 
length have  been  adopted,  but  in  other  cases  it  has  been  found  more 
convenient  to  make  use  of  spectra  as  photographed.  Photographs  of 
different  metallic  spectra  employed  are  presented.  The  lines  of  cad- 
mium are  distinguished  by  the  numbers  assigned  to  them  by  M.  Mas- 
cart.  A  comparison  is  also  given  of  the  relative  extent  of  the  visible 
and  ultra-violet  rays  after  passage  through  a  prism. 

The  prism  was  placed  at  the  angle  of  minimum  deviation  for  the 
sodium  line  D. 
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The  vaiioTUi  parts  of  the  apparatus  are  screwed  down  so  as  to  be 
immoyable  after  a  proper  adjadtment. 

The  Examinatlo9i  of  Organic  Substanees, 

Dr.  MiUer  failed  to  trace  any  connexion  between  the  chemical  com- 
plexity' of  a  substance  and  its  actinic  absorption. 

With  the  view  of  ascertaining  whether  any  such  connexion  existed 
an  examination  was  made  of  the  normal  alcohols,  the  normal  fatty 
acids,  and  a  series  of  ethereal  salts.  Great  trouble  was  occasioned  by 
the  interference  of  minute  traces  of  otherwise  undetected  impurities, 
the  presence  of  which  was  often-  unaccountable.  Four  diagrams,  show- 
ing the  relative  transparency  of  different  substances,  illustrate  this 
pu^  of  the  paper,  and  from  the  results  obtained  the  following  conclu- 
sions have  been  drawn. 

(1.)  The  normal  alcohols  of  the  series  CnHsn^iOH  are  remarkable 
for  transparency  to  the  ultra-violet  rays  of  the  spectrum,  pure  methylio 
alcohol  being  as  nearly  so  as  water. 

(2.)  The  normal  fatty  acids  exhibit  a  greater  absorption  of  the  more 
xie&angible  rays  of  the  ultra-violet  spectrum  than  the  normal  alcohols 
containing  the  same  number  of  carbon-atoms. 

(3.)  There  is  an  increased  absorption  of  the  more  refrangible  rays 
oorresponding  to  each  increment  of  CHj  in  the  molecule  of  the  alcohols 
and  acids. 

(4.)  Like  the  alcohols  and  acids,  the  ethereal  salts  derived  from 
them  are  highly  transparent  to  the  ultra-violet  rays,  and  do  not  exhibit 
absorption-bands. 

In  order  to  ascertain  whether  isomeric  bodies  exliibited  similar 
or  identical  absorption  spectra  a  series  of  benzene  derivatives 
was  examined.  From  the  great  absorptive  power  of  this  class  of 
substances  it  was  found  necessary  to  use  very  dilute  solutions  ev^n 
though  the  cells  holding  the  liquids  were  not  more  than  0*75  inch  in 
thickness.  Curves  were  plotted  by  taking  the  proportions  of  sub- 
stances in  solution  as  ordinates,  and  the  position  of  absorption-bands 
as  abscissse,  and  these  curves  are  highly  characteristic  features  of  veiy 
many  compounds.     About  twenty  diagrams  have  thus  been  made. 

The  following  is  a  summary  of  the  chief  points  of  interest  apper- 
taining to  benzene  and  its  derivatives. 

(1.)  Benzene,  and  the  hydrocarbons,  the  phenols,  acids,,  and  amines 
derived  therefrom,  are  remarkable  firstly,  for  their  powerful  absorp- 
tion of  the  ultra-violet  rays ;  secondly,  for  the  absorption-bands  made 
visible  by  dissolving  them  in  water  or  alcohol,  and  diluting;  and 
thirdly,  for  the  extraordinary  intensity  of  these  absorption-bands,  that 
is  to  say,  their  power  of  resisting  dilution. 

(2.)  Isomeric  bodies,  containing  the  benzene  nucleus,  exhibit  widely 
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difEerent  spectra,  inasmacli  as  their  absorption-bands  vary  in  position 
and  in  intensity. 

(3.)  The  photographic  absorption  spectra  can  be  employed  as  a 
means  of  identifying  organic  substances,  and  as  a  most  delicate  test 
of  their  purity.  The  curves  obtained  by  co-ordinating  the  extent  of 
dilution  with  the  position  of  the  rays  of  the  spectrum  absorbed  by 
the  solution  form  a  strongly  marked  and  often  a  highly  characteristio 
feature  of  many  organic  compounds. 

There  is  a  curious,  feature  in  connexion  with  the  position  of  the 
absorption  bands ;  at  the  less  refrangible  end  they  either  begin  at  line 
12  Cd  or  line  17  Gd,  and  those  which  begin  at  12  end  a  little  beyond 
17. 

No  naphthalene  or  anthracene  derivatives  have  yet  been  examined, 
and  very  few  substances  of  unknown  constitution — hence  most  in- 
teresting results  may  be  anticipated  from  a  continuation  of  this 
research,  and  this  contribution  must  be  accepted  rather  as  a  bare  com- 
mencement of  ihe  subject  than  its  conclusion. 


II.  "  On  the  Electromagnetic  Theory  of  the  Reflection  and  Re- 
fraction of  Light."  By  George  Francis  Fitzgerald, 
M.A.,  Fellow  of  Tiinity  College,  Dublin.  Communicated 
by  G.  J.  Stoxey,  M.A.,  F.R.S.,  Secretary  of  the  Queen's 
University,  L'eland.     Received  October  26,  1878. 

(Abstract.) 

The  media,  at  whose  surfaces  reflection  and  refraction  are  supposed 
to  take  place,  are  assumed  to  be  non-conductors,  and  isotropic  as 
regards  magnetic  inductive  capacity.  Some  reasons  are  advanced 
why  the  results  should  apply  at  least  approximately  to  conductors. 
In  the  first  part  of  the  paper  the  media  are  not  assumed  to  be  isotropic 
as  regards  electrostatic  inductive  capacity,  so  that  the  results  are 
generally  applicable  to  reflection  and  refraction  at  the  surfikces  of 
crystals.  I  use  the  expressions  given  by  Professor  J.  Clerk  Maxwell 
in  his  "  Electricity  and  Magnetism,"  vol.  ii,  Part  IV,  chap.  11,  for  the 
electrostatic  and  electrokinetic  energy  of  such  media.     By  assuming 

three  quantities,  f,  17,  and  f,  such  that,  t  representing  timq,  -i  -5, 

and  -^,  are  the  components  of  the  magnetic  force  at  any  point,  I  have 

thrown  these  expressions  for  the  electrostatic  and  electrokinetic  energy 
of  a  medium  into  the  same  forms  as  M'Gullagh  assumed  to  represent 
the  potential  and  kinetic  energy  of  the  ether,  in  *'  An  Essay  towards  a 
Dynamical  Theory  of  Crystalline  Reflection  and  Refraction,"  pub- 
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lished  in  vol.  xxi  of  the  "  Transactions  of  the  Royal  Irish  Academv." 
Following  a  slightly  different  line  from  his,  I  obtain,  by  a  quaternion 
and  accompanying  Cartesian  analysis,  the  same  results  as  to  wave 
propagation,  reflection,  and  refraction,  as  those  obtained  by  M'CuUagh, 
and  which  he  developed  into  the  beautiful  theorem  of  the  polar  plane. 
Of  oonrse,  the  resulting  laws  of  wave  propagation  agree  with  those 
obtained  by  Professor  Maxwell  from  the  same  equations  by  a  somewhat 
different  method.  For  isotropic  media,  the  ordinary  laws  of  reflection 
and  refraction  are  obtained,  and  the  well-known  expressions  for  the 
amplitudes  of  the  reflected  and  refracted  rays. 

In  the  second  part  of  the  paper  I  consider  the  case  of  reflection  at 
the  surface  of  a  magnetised  medium,  adopting  the  expressions  Pro- 
fessor J.  Clerk  Maxwell  has  assumed  in  '*  Electricity  and  Magnetism," 
vol.  ii.  Part  lY,  §  824,  to  express  the  kinetic  energy  of  such  a  medium. 
From  this,  following  the  same  line  as  before,  I  have  deduced  the  fol- 
lowing equations  to  represent  the  superficial  conditions:  In  them, 
f>  7>  ^9  have  the  same  meaning  as  before,  and  the  axes  are  x  in  the 
intersections  of  the  plane  of  incidence  and  the  surface,  y  in  the  sur- 
face, and  z  normal  to  it ;  a,  /9,  7,  are  the  components  of  the  strength  of 

the  vortex  that  Professor  Maxwell  assumes,  and  -^=0 — -|-/8--.-|-fy 

dh       dx       dy       dz 

lYhich,  with  these  axes,  reduces  to  a^;-+7T-J  ^  ^^^  ^i  ^re  the  elec- 

dx      dz 

trostatic  inductive  capacities  of  the  two  media  in  contact,  and  the 
quantities  referring  to  one  of  these  which  is  supposed  to  be  non- 
magnetic are  distinguished  by  the  sufi&x  1 ;  C  is  a  constant,  on  which 
the  power  of  the  medium  to  rotate  the  plane  of  polarisation  of  light 
depends. 

;i      dxi      lL\dz     dxj  l    dzdt     dhdti 


dzi 


dzi      K     dz  I    dt\dz     dxJ     dhdti 


As  these  are  unchanged  by  a  simultaneous  alteration  of  the  signs  of 
fj  and  C,  I  show  that  the  method  adopted  in  my  former  paper  on 
Magnetic  Reflection  in  the  **  Proceedings  of  the  Royal  Society,"  for 
1876,  No.  176,  is  justified,  and  that  it  is  legitinlate  to  consider  an 
incident  plane  polarised  ray  as  composed  of  two  oppositely  circularly 
polarised  rays,  each  of  which  is  reflected  according  to  its  own  laws. 
From  these  I  further  deduce  that,  when  the  magnetisation  of  the 
medium  is  all  in  the  direction  of  iy,  there  is  no  effect  on  reflection  or 
refraction  produced  by  it.  I  consider  next  the  cases  of  the  magneti- 
sation being  all  normal  to  the  surface,  and  all  in  the  surface  and  the 
plane  of  incidence,  and  obtain  the  following  result :  When  the  inci- 
dent ray  is  plane  polarised,  and  the  plane  of  polarisation  is  either  in  or 
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perpendicular  to  the  plane  of  incidence,  the  effect  of  magnetisation  is 
to  introduce  a  component  into  the  reflected  ray  perpendicular  to  the 
original  plane  of  polarisation,  whose  amplitude,  c,  is  given  in  the 
several  cases  by  the  following  equations,  in  which  i  is  the  angle  of 
incidence,  and  r  of  reflection,  and  h  a  small  constant  depending  prin- 
cipally on  C,  and  the  intensity  of  the  incident  ray : — 1.  When  the 
magnetisation  is  normal  to  the  reflecting  surface.  If  the  incident  ray 
be  polarised  in  the  plane  of  incidence — 

_ ,         (1  +  cos'  r)  sin*  i  sin  2t 
'  sinr  .  sin'(i-l-r)  .  co8(j— r) 


If  it  be  polarised  in  a  plane  perpendicular  to  the  plane  of  incidence— 

_ ,  cos*  r  .  sin*  i  sin  2i 

sinr  .  sin*(i-|-0  •  cos(i— r)' 

2.  When  the  magnetisation  is  parallel  to  the  intersection  of  the  sur- 
face and  the  plane  of  incidence,  and  the  plane  of  polarisation  of  the 
incident  ray  is  either  in  or  perpendicular  to  the  plane  of  incidence — 

__ ,     cos  r  sin*  i  8in2t 
sin*(i  -h  r)  cos  (i— r) ' 

This  vanishes  at  the  grazing  and  normal  incidences,  and,  in  the  case 
of  iron,  attains  a  maximum  at  about  the  angle  of  incidence  i^ 
63°  20'. 

I  do  not  obtain  any  change  of  phase  by  reflection  in  any  case  ;  and 
this  is  to  be  expected,  as  this  change  of  phase  probably  depends  on 
the  nature  of  the  change  from  one  medium  to  another,  which,  follow- 
ing M*Cullagh,  I  have  uniformly  assumed  to  be  abrupt.  Apart  from 
this  question  of  change  of  phase,  my  results  conform  completely  to 
Mr.  Kerr's  beautiful  experiments  on  the  reflection  of  light  from  the 
pole  of  a  magnet,  as  published  in  the  Philosophical  Magazines  for 
May,  1877,  and  March,  1878. 


III.  "  On  Diy  Fog."  By  E.  Frankland,  D.C.L.,  F.R.S.,  Pro- 
fessor of  Chemistry  in  the  Royal  School  of  Mines.  Received 
October  29,  1878. 

It  has  often  been  noticed,  especially  in  and  near  large  towns,  that 
a  foggy  atmosphere  is  not  always  saturated  with  moisture  :  thus  on 
the  17th  of  October  last,  at  3*30  p.m.,  during  a  thick  fog  in  London, 
the  degree  of  humidity  was  only  80  per  cent,  of  saturation ;  and 
Mr.  Glaisher,  in  his  memorable  balloon  ascents,  observed  that  in 
passing  through  cloud  or  fog  the  hygrometer  sometimes  showed  the 
jtir  to  possess  considerable  dryness.     In  the  ascent  from  Wolyeis 
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hampton,  on  July  17, 1862,  at  an  altitude  of  9,882  feet,  and  when 
psBBing  throagh  a  cloud  so  dense  that  the  balloon  could  not  be  seen 
from  the  car,  the  diy  bulb  thermometer  read  87°'8  F.  and  the  wet 
80"*2,  indicating  a  dew  point  17° '9  below  the  air  temperature.  Again, 
on  the  dOth  July  in  the  same  year,  when  at  an  altitude  of  6,466  feet, 
between  the  Crystal  Palace  and  Ghravesend,  and  whilst  the  balloon 
was  passing  through  a  **  great  mist,"  the  dew  point  was  12°*7  F. 
below  the  temperature  of  the  air.  The  following  is  a  tabulated  state- 
ment of  other  instances  in  which  there  was  comparative  dryness  of  the 
air  in  the  midst  of  cloud  or  fog : — 


Date, 

Place  of  ascent. 

Altitude 
in  feet. 

Temperature 
of  air. 

Degree  of 

humidity. 

100  a  saturation. 

1862. 

o 

August  18th 

Wolyeihampton 

5,922- 

63  5  F. 

61 

1863. 

March   Slst 

OjBtal  Palace 

3,698 

38-5  „ 

62 

Apiil    18th 

a             )} 

9,000 

32  5  „ 

62 

If        » 

a             }) 

8,000 

34-9  „ 

73 

»           a 

»»              >» 

7,000 

37-8  „ 

87 

»»            »» 

»»              »» 

6,000 

410  „ 

76 

)»            >t 

>»              »» 

5,000 

460,, 

67 

June     26th 

Wolverton 

11,000 

300  „ 

68 

it            a 

»» 

10,000 

31-5  „ 

46 

July      11th 

Crystal  Palace 

8,200 

65-2  „ 

67 

n          1) 

>»          »» 

2,600 

•  •                  •  • 

53 

it            >t 

»»          »» 

1,600 

•  •                   •  • 

50 

»»             >» 

»          » 

1,000 

64-7  „ 

53 

1864. 

April       6th 

Woolwich 

6,000 

440,, 

64 

»        ii 

If 

1,000 

41-7  „ 

75 

1865. 

• 

Feb.      27th 

n 

4,400 

420  „ 

62 

It  is  thus  evident  that  the  air  closely  surroanding  the  spherules  of 
water  in  a  mist,  cloud  or  fog,  is  sometimes  far  from  saturated  with 
moisture ;  although,  as  is  well  known  to  persons  occupied  with  gas 
analysis,  when  a  perfectly  dry  gas  is  admitted  into  a  moist  eudiometer 
it  very  rapidly  assumes  the  volume  indicating  saturation,  notwith- 
standing that  the  proportion  of  water  surface  to  volume  of  gas  is 
obviously  far  less  than  that  afforded  to  the  interstitial  air  of  a  fog. 

In  a  special  experiment  of  this  kind,  it  was  found  that  air  dried 
over  calcic  chloride  became  completely  saturated  with  moisture  in  less 
than  one  minute  and  fifty  seconds,  when  it  was  passed  into  a  moist 
glass  tube  three-foarths  of  an  inch  in  diameter.  It  appeared  to  me, 
therefore,  interesting  to  inquire  under  what  condition  the  evaporation 
from  the  surface  of  water  can  be  so  hindered  as  to  cause  this  delay 
in  the  saturation  of  the  closely  surrounding  air.  Many  years  ago  I 
became  acquainted  with  the  fact,  first  noticed  I  believe   by  Mr.  P. 
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Spence  of  Manchester,  that  the  evaporation  of  saline  solutions,  kept 
jnst  below  their  boiling  point  in  open  pans,  can  be  almost  entirely 
prevented  by  covering  the  liquid  with  a  thin  stratum  of  coal-tar.  It 
was  thus  that  Mr.  Spence  effected  a  considerable  saving  of  fuel  in  that 
part  of  the  process  of  manufacturing  alum  in  which  burnt  aluminous 
shale  is  digested  for  many  hours  with  hot  dilute  sulphuric  acid; 
much  less  fuel  being  of  course  required  when  the  digestion  was 
carried  on  without  evaporation,  than  when  steam  escaped  from  the 
surface  of  the  hot  liquid.  This  simple  though  important  technical 
application  suggested  to  me  a  condition  of  things  under  which  the 
existence  of  so-called  "  dry  fog  '*  would  be  possible.  From  our  manu- 
factories and  domestic  fires,  vast  aggregate  quantities  of  coal-tar  and 
paraffin  oil  are  daily  distilled  into  the  atmosphere,  and  condensing 
upon,  or  attaching  themselves  to,  the  watery  spherules  of  fog  or  cloud, 
must  of  necessity  coat  these  latter  with  an  oily  film,  which  would,  in 
all  probability,  retard  the  evaporation  of  the  water,  and  the  consequent 
saturation  of  the  interstitial  air. 

The  following  experiments  were  made  in  order  to  test  the  validity 
of  this  explanation  : — 

I.  Two  platinum  dishes,  containing  water  and  presenting  equal 
surfaces  of  liquid,  were  placed  side  by  side  in  a  moderate  draught  of  air  ; 
the  water  in  one  being  coated  by  a  very  thin  film  of  coal-tar.  By  com- 
paring the  loss  of  weight  in  the  two  dishes,  it  was  found  that  during 
twenty-four  hours  the  evaporation  was  reduced  by  the  film  of  coal- 
tar  from  7*195  grms.  to  1*124  grms.  or  84*4  per  cent. 

II.  In  a  similar  experiment,  the  evaporation  during  twenty-four 
hours  was  reduced  from  7*986  grms.  to  1*709  grms.,  or  78*6  per 
cent. 

In  order  to  imitate  more  nearly  the  modus  operandi  of  actual  smoke 
in  foggy  air,  the  smoke  from  burning  coal  was  in  the  next  experiments 
blown  upon  the  surface  of  the  water  in  one  of  the  platinum  dishes, 
the  dishes  being  placed  as  before  in  a  draught  niche. 

III.  The  evaporation  during  eighteen  hours  was  reduced  from  4*26 
grms.  to  '969  grm.,  or  77*3  per  cent. 

IV.  In  another  experiment,  the  evaporation  during  twenty-four 
hours  was  diminished  from  6*325  grms.  to  1*173  grms.,  or  81*5  per 
cent.,  and  during  forty-two  hours  from  10*585  grms.  to  2*142  grms., 
or  79*8  per  cent. 

So  far  the  experiments  were  made  in  a  current  of  ordinary  air  of 

varying  humidity ;   but  they    were    afterwards  repeated  with    the 

following  results,  under  a  large  bell-jar,  in  which  the  enclosed  air  was 

'continually  dried  by  a  large  surface  of  concentrated  sulphuric  acid. 

As  in  the  last  two  trials,  the  film  was  produced  by  coal  smoke. 

y.  During  forty-eight  hours,  evaporation  was  diminished  from 
5*178  grms.  to  '737  grm.,  or  85*8  per  cent. 
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VI.  Dnring  twenty-two  hours,  evaporation  was  reduced  from  2*123 
gmiB.  to  *668  grm.,  or  68*5  per  cent. 

VUL  During  twenty-fonr  hours,  the  reduction  was  from  2*460 
grms.  to  '180  grm.,  or  92*7  per  cent. 

VIII.  In  a  period  of  seventy-two  hours,  the  reduction  was  from 
7*638  grms.  to  '917  grm.,  or  88  per  cent 

IX.  In  seventy  hours,  the  evaporation  was  diminished  from  7*782 
gnns.  to  2*586  grms.,.  or  66*6  per  cent. 

X.  In  forty-six  hours,  the  diminution  was  from  4*973  grms.  to 
1*647  grms.,  or  66*9  per  cent. 

Experiments  were  also  made  with  single  drops  of  water  suspended 

in  loops  of  fine  platinum  wire,  and  placed  in  the  bell- jar  filled  with 

dry  air ;  but  it  was  found  that  the  oily  film  had  a  strong  tendency  to 

leave  the  drop  and  run  up  the  platinum  wire.     In  a  comparative 

experiment,  in  which  one  of  the  drops  was  protected  by  a  coal-smoke 

film,  the  unprotected  drop  lost  90  per  cent,  of  its  weight  in  two  and 

a  half  hours  at  16^*6  C. ;  whilst  the  protected  drop  lost  only  37*8 

per  cent,  at  17° '8  C.  in  the  same  time.     Another  drop,  protected  by  a 

film  of  coal-tar,  lost  37*6  per  cent,  of  its  weight  in  two  and  a  half  hours, 

tHe  temperature  being  14°  C.  in  the  bell-jar. 

It  is  highly  probable  that  if  globules  of  water  without  any  solid 
Rapport  (like  those  in  cloud  and  fog)  could  have  been  operated  upon, 
t^lie  retardation  of  evaporation  would  have  been  stiU  more  marked,  or 
perhaps  altogether  arrested ;  for  in  all  the  above  experiments  the  oily 
films  manifested  a  tendency  to  break  up  and  attach  themselves  to  the 
Bolid  support  of  the  water,  leaving  the  surface  of  the  latter  partially 
Tinprotected. 

The  results  of  these  experiments  point  out  a  condition  of  very 
common  occurrence,  competeut  to  produce  **  dry  fog,"  whilst  they  also 
explain  the  frequency,  persistency,  and  irritating  character  of  those 
fogs  which  afflict  our  large  towns ;  inasmuch  as  some  of  the 
products  of  destructive  distillation  of  coal  are  very  irritating  to 
the  respiratory  organs,  and  a  large  proportion  of  them  is  scarcely  if  at 
all  volatile  at  ordinary  temperatures. 

My  thanks  are  due  to  my  pupil,  Mr.  C.  G,  Matthews,  for  his  assist- 
ance in  the  foregoing  quantitative  determinations. 


IV.  **  Note  on  the  Inequalities  of  the  Diurnal  Range  of  the  De- 
clination Magnet  as  recorded  at  the  Kew  Observatory." 
By  Balfour  Stewart,  F.R.S.,  Professor  of  Natural  Philo- 
sophy in  Owens  College,  Manchester,  and  William  Dodg- 
SON,  Esq.     Received  November  18,  1878. 

We  are  at  present  engaged  in  searching  for  the  natural  inequalities 
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of  tbe  above  range,  more  especially  for  any  of  which,  the  period  is 
between  24  and  25  days.  We  find  strong  evidence  of  an  inequality  of 
considerable  magnitude  of  which  the  period  is  24'00  days,  very  nearly. 
"We  have  also  found  preliminary  evidence  *  of  the  existence  of  two 
considerable  inequalites  of  periods  not  very,  far  from  24*65  and 
24*80  days.  These  two  appear  to  come  together  in  about  11  years, 
but  we  csmnot  yet  give  the  exact  time  of  this. 

We  have  not  found  a  trace  of  any  inequality  with  a  period  of 
24*25  days. 


V,  "  Some  Experiments  on  Metallic  Reflexion."  By  Sir  John 
CONROY,  Bart.,  M.A.  Conmiunicated  by  Professor  G.  G. 
Stokes,  Sec.  R.S.    Received  November  18, 1878. 

In  the  experiments  made  by  Sir  David  Brewster,  M.  Jamin,  Pro- 
fessor Haughton,  and  others,  on  the  light  reflected  by  polished  metallic 
surfaces,  the  reflecting  surfaces  were  in  contact  with  air ;  and,  as  fftr 
as  I  am  aware,  the  only  observations  which  have  been  made  when  tbe 
reflecting  surfaces  were  in  contact  with  other  media  are  those  by 
Quincke,  an  account  of  which  is  g^ven  in  '*  Poggendorff's  Annalen,'* 
vol.  cxxviii,  p.  541,  and  in  the  *'  Jubelband,"  p.  336.  He  found  that 
he  obtained  different  values  for  the  principal  incidence  and  prin- 
cipal azimuth,  according  as  the  reflecting  surface  of  a  film  of  silver 
was  in  contact  with  air,  crown  glass,  flint  glass,  water,  or  turpentine, 
and  that  the  only  connexion  between  the  values  of  these  angles  and 
the  refractive  index  of  the  medium  in  which  the  reflexion  took  place 
was,  that  in  general  with  the  same  metal,  the  principal  incidence  and 
the  principal  azimuth  became  less  as  the  refractive  index  of  the 
medium  increased. 

I  therefore  hope  that  a  short  account  of  some  attempts  that  I  have 
recently  made  to  determine  the  princix)al  incidence  for,  and  the  prin- 
cipal azimuth  of,  the  light  reflected  by  polished  surfaces  of  gold  and 
copper  in  contact  with  different  media,  may  be  of  interest. 

The  experiments  are,  I  regret  to  say,  incomplete,  as,  finding  that  my 
eyes  were  beginning  to  suffer,  I  thought  it  best,  for  the  present  at 
least,  to  discontinue  them. 

I  used  a  Babinet*s  goniometer,  to  the  arms  of  which  two  tubes  con- 
taining nicols  were  attached,  a  vertical  divided  circle  being  fixed  at 
one  end  of  eacb,  so  that  the  position  of  the  nicols  could  be  read  by  a 
vernier  to  5'.  The  goniometer  had,  in  addition  to  the  horizontal 
^  stage,  a  vertical  one,  so  arranged  that  the  reflecting  surface  could  be 
placed  in  the  axis  of  the  instrument ;  toothed  wheels,  working  into  a 
pinion  rotating  on  an  axis  fixed  in  one  of  the  arms  of  the  divided 
circle,  were  attached  to  the  vertical  stage,,  the  position  of  which  coald 
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be  lead  by  a  vemier  to  15",  and  to  the  telescope  arm ;  the  ratio  of  the 
wheels  to  the  pinion  being  such  that,  on  moving  the  telescope  arm, 
the  vertical  stage  also  moved  in  the  same  direction,  but  with  half  the 
angnlar  velocity ;  so  that  when  the  reflecting  snrface  had  been  pro- 
perly adjusted,  the  light  which  passed  along  the  axis  of  the  tube  fixed 
to  the  collimator  arm,  was  reflected  along  the  axis  of  that  fixed  to  the 
telescope  arm,  at  all  angles  of  incidence. 

A  quarter  undulation  plate  was  placed  at  the  inner  end  of  the  tube 
fixed  to  the  collimator  arm,  and  a  small  direct  vision  spectroscope, 
with  a  photographic  scale,  could  be  attached  to  the  other  tube.  The 
lower  edge  of  the  vertical  stage  being  some  distance  above  the  gra- 
duated circle  of  the  goniometer,  a  cylindrical  vessel  of  thin  glass, 
about  6  centims.  in  diameter,  could  be  placed  on  the  horizontal  stage, 
so  as  to  surround  the  lower  part  of  the  reflecting  sarface ;  this  being 
filled  with  the  liquid,  and  a  narrow  vertical  slit  placed  so  as  to  limit 
the  incident  h'glit,  fairly  good  observations  coald  be  made  when  the 
reflecting  surface  was  in  contact  with  various  liquids. 

When  the  principal  section  of  the  first  or  polarizing  nicol  was  in- 
clined at  an  angle  of  45^  to  the  plane  of  incidence,  and  one  of  the 
neutral  axes  of  the  quarter  undulation  plate  placed  in  that  plane, 
the  transmitted  light  was  elliptically  polarized ;  and  at  a  particular 
incidence,  varying  with  its  refrangibility,  it  was  reflected  by  the  metallic 
surface  as  plane  polarized  light ;  the  plane  of  polarization  being  de- 
termined by  the  second  nicol. 

Had  the  retarding  plate  really  been  "  a  quarter  undulation  plate  " 
for  light  of  any  given  wave-length,  the  angle  of  incidence  at  which  it 
vras  reflected  as  plane  polarized  light,  and  the  azimuth  of  its  plane  of 
polarization,  would  have  been  the  principal  incidence  and  principal 
azimuth  for  light  of  that  refrangibility. 

The  retardation  of  a  given  plate  varies  so  much  for  different  por- 
tions of  the  spectrum,  that  even  had  it  been  possible  to  obtain  one 
producing  a  retardation  of  exactly  90°  for  light  of  any  definite  re- 
frangibility, it  would  have  differed  greatly  from  a  quarter  plate  for 
other  portions  of  the  spectrum. 

Both  the  neutral  axes  of  the  plate  were  successively  placed  in  the 
plane  of  incidence,  and  the  mean  of  the  two  values  of  the  angle  of 
incidence  taken  as  the  principal  incidence. 

This  arrangement  is  very  similar  to  the  one  used  by  Dr.  Eilhard 
Wiedemann  in  his  observations  on  the  light  reflected  by  surfaces  of 
fuchsine  and  copper,  and  described  in  "  Pogg.  Ann.,*'  vol.  cli,  p.  6. 
In  Dr.  Wiedemann's  experiments  the  angle  of  incidence  remained 
constant,  the  position  of  the  quarter  undulation  plate  and  of  the  nicol  '- 
being  varied ;  whilst  in  mine,  the  position  of  the  quarter  undulation 
plate  was  constant,  and  the  angle  of  incidence  and  the  position  of  the 
nicol  w^re  altered.    By  this  means  the  principal  incidence  and  azimuth 
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were  determined  directly,  but  less  accurately  than  by  Dr.  Wiede- 
mann's arrangement,  which,  however,  involves  a  good  deal  of  cal- 
culation. 

The  analysing  portion  of  Dr.  Wiedemann's  instrument  appears  to 
differ  merely  by  the  addition  of  a  small  direct  vision  spectroscope  from 
the  Elliptic  Analyser  of  Professor  Stokes,  described  in  the  "  Report  of 
the  British  Association  for  1851,'*  Part  II,  p.  14. 

The  experiments  were  made  with  sun-light  and  with  lamp-light ; 
with  the  former,  the  angle  of  incidence  and  the  azimuth  of  the  ana- 
lysing nicol  were  altered  till  the  dark  band  in  the  spectrum  was  most 
intense  at  certain  definite  positions,  as  measured  by  the  scale  of  the 
spectroscope ;  with  the  latter,  till  the  light  which  had  passed  through 
a  piece  of  red  glass  was  reduced  to  a  minimum. 

Numerous  measurements  were  made  of  both  these  angles  with  a 
plate  of  gold  in  air,  water,  carbon  bisulphide,  and  carbon  tetrachloride ; 
and  of  copper,  in  air,  water,  and  carbon  tetrachloride ;  but  the  results 
were  not  very  satisfactory.  In  addition  to  the  difficulty  of  deter* 
mining  accurately  the  zero  of  the  nicols,  and  of  placing  the  neutral 
axis  of  the  quarter  undulation  plate  in  the  plane  of  incidence,  I  found 
that  very  different  values  were  obtained  for  the  principal  incidence, 
according  as  one  or  other  of  the  neutral  axes  of  the  quarter  undulation 
plate  I  was  using  was  in  the  plane  of  incidence. 

In  all  cases,  however,  the  principal  incidence  which,  as  is  well 
known,  is  less  for  the  more  refrangible  rays,  diminishes,  and  the  prin- 
cipal azimuth  increases  with  the  increase  of  the  refractive  index  of 
the  medium  in  contact  with  the  metallic  surface;  and  further,  the 
diminution  in  the  value  of  the  principal  incidence  appears  to  be  nearly 
in  proportion  to  the  increase  of  the  refractive  index  of  the  surround- 
ing medium. 

The  decrease  of  the  principal  incidence,  with  an  increase  in  the 
refractive  index  of  the  surrounding  medium,  is  exactly  what  might  be 
expected  to  take  place  if  the  principal  incidence  for  a  metal  were  the 
same  as  the  angle  of  polarization  of  a  transparent  substance ;  that  is, 
the  angle  whose  tangent  is  equal  to  the  refractive  index. 

If  such  is  the  case,  the  metals  must  all  have  very  high  refractive 
indices;  but  some  experiments  of  Quincke's  ("Pogg.  Ann.,"  vol.  cxix, 
p.  379,  and  vol.  cxx,  p.  602)  appear  to  show  that  their  refractive  indices 
are  less  than  1. 

The  following  are  some  results  I  obtained  with  a  gold  plate  (formed 
by  soldering  a  slip  of  thin  sheet  gold  to  a  brass  plate),  in  air,  with 
lamp-light,  a  deep  red  glass  being  interposed;  the  position  of  the 
quarter  undulation  plate  in  which  the  ray  polarized  perpendicularly  to 
the  plane  of  incidence  was  retarded  relatively  to  the  other,  being 
called  A,  and  that  in  which  the  retarded  ray  was  the  one  polarised 
in  the  plane  of  incidence,  B.     The  signs  of  the  azimuth  of  the  plane  of 
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polarization  of  the  reflected  light  show  which  ray  is  retarded  bj  the 
plate;  and,  to  confirm  this,  the  light  transmitted  by  the  nicol  and 
plate  was  examined  with  an  Iceland  spar,  cnt  to  show  the  rings. 

The  azimnths  are  reckoned  as  positive  when  measured  from  the 
plane  of  incidence  in  the  direction  in  which  the  hands  of  a  watch 
move,  to  a  person  supposed  to  be  so  placed  as  to  receive  the  light, 
whether  incident  or  reflected,  into  his  eye. 


Plane  of  polarization 
of  incident  light. 


+45 


-45 


Quarter  Undulation  Plate  at  A. 

Principal  Principal 

incidence.  asimuth. 

80  10  +36  05 

80  21  36  35 

80  14  35  25 

80  23  36  05 

80  14  -36  60 

79  50  34  55 

80  05  35  40 

80  27  35  25 


Mean 

. .   80  13 

35  52 

Quarter 

Undulation  Plate  at  B. 

Plane  of  polarization 
of  incident  light. 

Principal 
incidence. 

Principal 
uimuth. 

+45        

o         / 

71  12        

-^  40 

71  03        

35  25 

70  51        

34  25 

7102        

34  30 

-45        

710         

+37  30 

70  22        

36  35 

70  07        

36  35 

70  22        

37  55 

Mean 

..70  45 

35  57 

Similar  measurements  were  made  when  the  gold  plate  was  in  water 
and  carbon  bisulphide.  The  values  of  the  incidences  differed  greatly 
according  as  one  or  other  of  the  neutral  axes  of  the  quarter  undula- 
tion plate  was  in  the  plane  of  incidence,  the  measurements  being 
about  as  concordant  as  those  made  with  the  gold  plate  in  air;  the 
means  of  these  determinations  were  taken  as  nearest  the  truth. 

Since  the  retardation  of  the  ray  polarized  perpendicularly  to  the 
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plane  of  incidence  probably  varies  more  for  each  degree  when  the 
light  ifl  incident  at  an  angle  greater  than  that  of  the  principal  inci- 
dence, than  when  it  falls  on  the  surface  at  a  less  angle,  the  mean  of 
these  two  sets  of  determinations  can  only  be  considered  as  an  approxi- 
mation to  the  truth,  especially  when,  as  in  this  instance,  the  difference 
between  the  two  valaes  is  a  considerable  one. 

Mean  valae,  from  eight  observations,  four  with  the  P.  S.  of  the 
polarising  nicol  inclined  to  the  right  and  four  with  it  to  the  left  of 
the  plane  of  incidence,  of  the  principal  incidence  and  principal  azi- 
muth, for  red  light,  with  Quarter  Undulation  Plate  1. 


Gold 


•   •  / 

xn  ait.  •.••  •■•.»•.■•...•  \ 

•• { 


Gold  in  water 


Gold  in  carbon  bisulphide. 


Plate  at  A. .  . 

80  13 

n         B.. 

70  45 

Mean  value. 

75  29 

Plate  at  A.  • 

76  46 

„       B. . 

66  46 

Mean  value. 

71  46 

Plate  at  A. . 

7Q  10 

„       B. . 

62  44 

Mean  value. 

69  27 

•  •  •  • 


35  52 

35  57 

35  54 

37  13 

35  50 

36  31 

37  48 

37  40 

37  44 

The  principal  incidence  and  principal  azimuth  for  gold  in  air,  with 

red  light,  were  determined  with  six  other  quarter  undulation  plates 

with  the  following  results  ;  the  numbers  for  Plate  1  being  the  mean  of 

eight  observations,  whilst  those  of  the  remainder  are  the  mean  of  two 

oidy,  made  with  the  polarizing  nicol  on  either  side  of  the  plane  of 

incidence: — 

Plate  1.        Plate  2.        Plate  3.        Plate  4. 

.        rPlateatA. ..     80  13        78  45        80  01        79  57 

•     T^  \        „      B. . .      70  45        70  12        69  41        70  46 
mciaence  j^^^^  ^^^^  ^      ^^  ^9         74  28         74  51         75  21 

.        rPlateatA..     35  52        36  30        36  12        36  22 

SuS  {        "  •    ^••-      ^^  ^^        ^^  ^        ^^  ^2        35  10 
L Mean  value..     35  54        36  05         36  07        35  46 

Plate  5.        Plate  6.         Plate  7. 

rPlate  at  A. . . .      79  57        77  43        77  50 
I'nncipall         ^^       ^  ^^  ^g         ^^  ^^         ^^  2^ 

incidence  |^^^  ^^^^^  _      7^  ^^         ^^  3^         ^^  ^^ 

-_  .     .    ,  rPlateatA....     36  0  34  55        34  52 

Principal  I         ^^       B. ...     35  22        35  10        34  42 
azimuth  I  ^^^  ^^^^  ^       g^  ^j        3g  ^2        ^^  ^^ 


1879.] 


some  Experiments  on  Metallic  Reflemon. 


247 


In  order  to  ascertain  the  probable  error  of  the  mean  principal 
incidence  and  azimnth  as  determined  with  Plate  1,  the  measure- 
ments were  repeated  with  Plate  6 ;  the  ^difference  between  the  two 
Tallies  of  the  principal  incidence,  according  as  one  or  other  of  the 
nentral  axes  of  the  plate  -was  in  the  plane  of  incidence,  being  least, 
and  therefore  the  retardation  for  red  light  differing  least  irom  90^  for 
Plates  6  and  7. 


Quarter  Undolation  Plate  at  A. 


nme  of  polarization 
(tf  ineideiit  Ught. 

Principal 
iacidenoe. 

o 

+  45        

78  25 

77  68 

77  42 

78  26 

-46        

78  24 

.  77  47 

77  4? 

t 

77  59 

Mean>i » • .  • . 

.....  78  03 

Principal 
azimuth. 

o         t 

+36  0 

35  35 

35  05 

35  40 

-36  45 

35  30 

36  15 

36  0 

35  43 


Qnarter  Undnlation  Plate  at  B. 


+45 


-45. 


73  57 

73'  17 

73  52' 

73  35 

74  30 

73  05 

73  37 

74  07 

-34  40 

36  10 

35  40 

35  20 

+  35  20 

36  05 

34  35 

35  0 

Mean 73  45 


35  21 


Similar  measurements,  which  were  abont  as  concordant,  were  made 
with  the  gold  plate  in  water  and  carbon  bisalphide.  The  numbers  in 
the  table  being  the  means  of  eight  observations,  four  with  the  prin- 
cipal section  of  the  polarizing  nicol  inclined  to  the  right,  and  four 
with  it  to  the  left  of  the  plane  of  incidence. 


Gold  in  air. 


{ 


Plate  at  A. . 

78  03    

35  43 

„       B. . 

73  45    .... 

36  21 

Mean  value. 

75  54    .... 

36  32 
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Gold  in  water 


Gh>ld  in  carbon  bisulphide 


{ 
{ 


Plate  at  A.  • 

O           1 

74,  4A 

„       B. . 

70  25 

Mean  valne. 

72  35 

Plate  at  A. . 

71  37 

„       B. . 

68  26 

Mean  value. 

70  01 

•  •  ■  • 


•  •  • 


O            1 

36  0 

36  49 

36  24 

36  59 

36  48 

36  51 

The  mean  values  of  the  principal  incidence  and  principal  azimuth 
obtained  with  the  two  quarter  undulation  plates  being  different,  it 
was  assumed  that  the  errors  of  the  means  are  as  the  squares  of  the 
small  errors  of  the  plates,  and  that  the  errors  of  the  incidences  in 
either  position  of  the  plate,  and  therefore  the  algebraical  differences 
or  numerical  sums  of  the  errors  in  the  two  positions,  that  is,  the 
differences  of  the  apparent  principal  incidence  in  the  two  positions, 
as  the  first  powers;  and  therefore  that  the  errors  of  the  means  are 
as  the  squares  of  the  difference  of  incidences  in  the  two  positions. 

Gold  in  Air. 

Plate  1.  Plate  6.         Correction. 

o         /  o         /  / 

Principal  incidence 75  29     . .     75  54    . .      H-  26 

azimuth 35  54     . .     35  32     . .      -22 

Difference  of  principal  inci-  ^     ^  /     o     /  / 

dence  in  two  positions  ...  9  28  or  568,  4  18  or  258. 

Thus  the  residual  corrections  to  the  results  got  with  Plate  6  will 
be  to  the  difference  on  the  results  got  bj  Plate  1  and  Plate  6,  as  258* 
to  568'-258',  or  as  No.  log  1"41491  to  1 ;  this  gives  +6'  and  —5' 
making  the  corrected  principal  incidence  and  principal  azimuth  76^ 
and  35°  27'. 

In  a  similar  manner  the  means  of  the  results  got  with  the  gold 

plate  in  water  and  carbon  bisulphide  were  corrected,  the  final  results 

being  with  red  light. 

Principal  incidence.        Principal  azimuth. 


Gold  in  air 

7'6  0 
72  46 
70  03 

85  27 

„         water 

„         carbon  bisulphide. . . . 

36  23 
36  48 

In  order  to  determine  the  principal  incidence  and  azimuth  for  gold 
bj  an  independent  method,  the  one  originallj  used  hj  Sir  David 
Brewster  was  adopted ;  the  quarter  undulation  plate  was  removed,  and 
a  second  gold  plate  attached  to  the  vertical  stage  in  such  a  manner 
that,  whilst  the  plates  remained  parallel  to  each  other,  the  distance 
between  them  could  be  altered.    The  plates  were  so  adjusted  that 
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wben  the  light  was  incident  npon  the  surface  of  the  first  at  angle  of 
about  70°,  it  was  reflected  once  by  either  plate. 

The  incident  light  being  polarized  in  a  plane  inclined  at  an  angle  of 
45°  to  the  plane  of  incidence,  the  position  of  the  stage  and  of  the 
analysing  nicol  were  altered  till  the  reflected  light  was  reduced  to  a 
minimum. 

PUme  of  polarization  Principal 

of  incident  light.  incidence.  Azimuth. 

H-45        75  45  -30  20 

75  52  31  30 

75  23  31  05 

76  02  31  55 

-45        75  54        H-29  30 

76  0          29  50 

75  57        29  05 

76  03        28  45 


Mean 75  52        30  15 

A  rectangular  glass  trough  was  placed  on  the  horizontal  stage  of 
fche  goniometer  so  as  to  surround  the  gold  plates;  the  trough  filled 
with  water,  and  the  principal  incidence  and  the  azimuth  observed. 

The  ray  of  light  which  had  been  twice  reflected  by  the  plates  being 
parallel  to  the  incident  ray,  and  the  trough  having  been  placed  with  its 
front  perpendicular  to  the  direction  of  the  incident  light,  the  polariza- 
tion of  the  ray  could  not  be  altered  in  any  way  by  the  glass,  as  indeed 
was  verified  by  experiment. 

The  light  having  been  twice  reflected,  the  square  root  of  the 
tangent  of  the  angle  which  the  plane  of  polarization  of  the  reflected 
ray  makes  with  the  plane  of  incidence,  is  equal  to  the  tangent  of 
the  principal  azimuth. 

The  principal  incidence  and  principal  azimuth  determined  by  this 
method  from  eight  observations,  four  with  the  plane  of  polarization 
of  the  incident  light  on  either  side  of  the  plane  of  incidence  are — 

Gold  in  air 75  52         ....         3722 

water 72  28        ....         37  48 

The  principal  incidences  agree  fairly  well  with  those  obtained  by  the 
other  method ;  but  the  azimuths  are  somewhat  higher. 


The  following  table  contains  the  values  of  these  constants  for  gold 
in  air,  as  previously  determined  by — 

VOL.  xxvni.  t 
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Sir  David  Brewster. 


o        /  o       / 


("  Optics/'  ed.  1863,  p.  309,  311). .  70  45  . .  33  0  for  jewel- 
Professor  Haughton.  lers'  gold. 

("  Phil.  Trans.,'*  1863,  p.  81) 75  37     . .     47  47 

G.  Quincke. 

("  Pogg.  Jubelband,"  p.  336) 72  47     . .     43  12  for  C  Hne. 

Assuming  that  the  tangent  of  the  angle  of  principal  incidence  is 
the  index  of  refraction  of  the  metal  for  red  light,  the  value  of  that 
angle  in  air,  as  deduced  from  the  measurements  made  in  water  and 
carbon  bisulphide  with  the  quarter  undulation  plates,  is  76*53  and 
77-22  instead  of  76°. 

The  numbers  given  by  Quincke  (**  Pogg.  Ann.,"  vol.  cxxviii,  p.  541) 

for  silver  are — 

Principal  incidence.        Principal  azimuth. 

In  air 74  19        h^ 

In  water 71  28        44  03 

In  turpentine 69  16         ....         43  21 

The  value  for  the  principal  incidence  in  air  calculated  according  to 
the  same  assumption,  by  multiplying  the  tangent  of  the  principal 
incidences  in  water  and  turpentine  by  the  refractive  indices  of  these 
substances,  is  75®  55'  and  75°  36'  instead  of  74°  19' ;  in  all  four  cases 
the  value  is  too  high. 

Although  more  experiments  are  required  to  decide  this  point,  it 
seems  probable  that  this  relationship  between  these  numbers  is  not 
merely  an  accidental  one ;  and  if  80  that  there  is  additional  reason  for 
adhering  to  Sir  David  Brewster's  opinion  that  the  value  of  the  angle 
of  principal  incidence  may  be  taken  as  indicating  the  refractive  power 
of  a  metal. 

In  conclusion,  I  must  express  my  thanks  to  Professor  Stokes  for 
much  advice  and  assistance,  and  specially  for  pointing  out  the  method 
for  determining  the  residual  corrections  to  the  results  obtained  with 
the  quarter  undulation  plates. 


January  16,  1879. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 
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I.  '*  On  some  Points  connected  with  the  Anatomy  of  the  Skin." 
By  George  Thin,  M.D.  Communicated  by  Professor 
Huxley,  Sec.  R.S.    Received  November  25,  1878. 

[Platxs  2  and  3.] 

Bollett,  in  1858,*  in  a  memoir  on  connective  tissne,  described  the 
results  of  an  elaborate  investigation  into  the  structure  of  the  corium. 
Microscopic  examination  of  leather,  and  of  skin  tanned  by  himself, 
had  shown  him  that  the  connective  tissue  bundles  of  the  corinm  arc 
made  up  of  smaller  divisions,  and  that  these  latter  are  again  made  np 
of  the  previously  known  minute  connective  tissue  fibrillae,  which  arc 
80  small  that  their  diameter  can  only  be  approximately  estimated  at 
O'0002  to  0*0003  millim.  From  the  connective  tissue  bundles  of  the 
skin  of  the  ox,  "  treated  by  lime  or  baryta  water,  there  can,**  he  states, 
"  be  isolated  from  each  bundle  a  number  of  component  elements  which 
have  a  considerably  larger  diameter  than  the  minute  fibres  known  as 
connective  tissne  fibrillas.**  These  elements  have,  he  remarks,  in  the 
ox  a  thickness  of  0'003 — 0*006  millim.,  and  he  proposes  to  call  them 
connective  tissue  fibres  (Bindegewehsfaser),  In  a  plate  attached  to 
his  memoir  the  bundles  and  their  divisions  are  shown  in  a  very  dis- 
tinct manner. 

This  observation  of  RoUett's  has  not  arrested  the  attention  of 
anatomists  to  the  degree  which  might  have  been  expected,  and  seems, 
indeed,  to  have  been  to  a  great  extent  neglected.  Two  of  the  latest 
standard  works  may  be  quoted  in  illustration  of  this  remark.  W. 
Krause,  in  a  volume  on  **  General  and  Microscopic  Anatomy,**  pub- 
lished in  1876,  describes  the  tissue  of  the  corinm  proper  as  being  com- 
posed of  "  a  network  of  strong  bundles  of  connective  tissue  closely 
interwoven,  the  bundles  being  partly  cylindrical,  partly  flattened.'* 
There  is  nothing  said  about  the  subdivision  of  the  bundles,  as  described 
by  Bollett. 

The  same  author,  in  his  chapter  on  connective  tissue,  states,  "  that 
the  ground  substance  of  fibrous  tissue  consists  of  closely-packed,  very 
fine,  round  connective  tissue  fibrillsB,  measuring  0  0002—0*002  millim.** 
The  larger  of  these  measurements  is  inapplicable  to  the  fibrilla  of 
Rollett,  and  is  so  near  that  of  the  subdivision  or  "fibre**  of  that 
author,  that  it  is  evident  that  Krause  does  not  recognise  the  distinc- 
tion between  the  fibre  and  the  fibrilla  established  by  the  former  his- 
tologist. 

In  Quain's  **  Anatomy  **t  it  is  stated,  "  that  the  corium  is  made  up 
of  an  exceedingly  strong  and  tough  framework  of  interlaced  connec- 
tive tissue  fibres  with  blood-vessels  and  lymphatics.     The  fibres  are 

*  "  Sitzongsbericht  der  Kaiserlichen  Akadamie  der  Wissonschaften,"  toI.  xxx. 
t  Eighth  edition,  edited  by  Dr.  Sharpey,  Dr.  A.  Thomson,  and  Mr.  Sch&for ; 
p.  213,  vol.  ii. 
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chiefly  of  the  white  variety,  snch  as  constitute  the  chief  part  of  the 
fibrous  and  areolar  tissues,  and  are  arranged  in  stout  interlacing 
bundles,  except  at  and  near  the  surface,  where  the  texture  of  the 
corium  becomes  very  fine.*'  Neither  in  the  above  quotation,  nor  in 
the  sections  of  the  same  volume  in  which  areolar  tissue  and  fibrous 
tissue  are  described,  can  I  find  anything  analogous  to  Rollett*s  de- 
scription of  definite  subdivisions  of  the  bundles  as  distinct  &om  the 
fibrillae. 

In  a  paper  presented  to  the  Royal  Society  in  1875,  I  stated  that  in 
portions  of  the  cutis,  macerated  for  a  few  days  in  aqueous  humour  or 
blood  serum,  the  tissue  is  seen  to  be  composed  of  extremely  fine  but 
sharply  contoured  fibrillss,  arranged  in  parallel  bands,  whose  bi'eadth 
approaches  the  diameter  of  a  human  red  blood- corpuscle.  These 
bands  are  the  subdivisions  (Ahtheilungen)  of  the  bundles  described  by 
BoUett,  with  whose  memoir  I  was  not  then  acquainted. 

During  the  interval  that  has  elapsed  since  1  wrote  the  paper  referred 
to,  I  have  been  frequently  engaged  in  examining  skin  affected  by 
various  pathological  changes,  and  I  have  had  occasion  to  observe  that 
the  structure  of  the  "  bundle  '*  of  anatomists,  as  understood  by  RoUett, 
is  sometimes  seen  very  clearly  in  disease.  Its  recognition  is,  as  I  have 
elsewhere*  pointed  out,  necessary  to  a  right  appreciation  of  some  of 
the  appearances  seen  in  cancer  of  the  skin. 

It  is  partly  the  object  of  this  paper  to  describe  some  methods  by 
which  this  structure  of  the  bundles  can  be  demonstrated,  and  also  to 
describe  some  other  points  in  the  anatomy  of  the  skin  which  I  have 
observed  whilst  studying  the  tissue  by  means  of  these  methods. 

The  nomenclature  I  shall  use  is  the  following:  By  the  term 
bundle  or  secondary  bundley  I  designate  the  ordinary  bundle  of  authors, 
which  is  more  or  less  conspicuous  in  all  preparations  of  skin,  and 
which  is  analogous  in  structure  and  size  to  the  bundles  as  usually 
described  and  figured  in  tendon-tissue.  The  element  described  by 
Rollett  as  "  connective  tissue  fibre,"  I  shall  describe  as  primary 
bundle^  to  distinguish  it  more  markedly  from  the  fibrillsB  which 
compose  it. 

When  groups  of  secondary  bundles  are  isolated,  each  group  being 
composed  of  several  secondary  bundles,  I  term  the  group  a  tertiary 
bundle. 

These  elements  can  be  isolated  by  first  saturating  the  corium  with 
chloride  of  gold  solution  and  then  macei*ating  the  tissue  in  acids. 
Poiiions  of  skin,  with  a  thick  layer  of  the  panniculus  adiposus,  were 
taken  fresh  from  the  mamma  of  a  middle-aged  woman,  which  had 
been  removed  for  a  tumour  of  the  gland— the  portions  of  skin  chosen 
being  well  clear  of  diseased  tissues.  The  stretched  skin  was  pinned 
dqwn  to  a  cork  beard,  the  under  surface  uppermost,  and  then  saturated 

•  "  Trans.  Eoy.  Med.  Chir.  Soc.,"  toI.  lix,  p.  189. 
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with  half  per  cent,  chloride  of  gold  solution.  From  time  to  time 
different  thicknesses  of  the  fatty  lajer  were  removed  as  the  solution 
had  liad  time  to  penetrate  into  the  tissue,  until  finally  the  deeper  layer 
of  the  cutis  proper  was  laid  hare.  The  tissue,  stUl  extended,  was  then 
placed  in  fresh  gold  solution  for  several  hours.  The  ohject  of  the 
manoduvre  was  to  secure  the  penetration  of  the  fluid  through  the 
bundles,  whilst  these  were  still  extended  in  their  natural  condition. 

After  a  due  action  of  the  gold,  the  skin  was  cut  into  small  pieces, 
which  were  then  treated  hy  acetic  and  formic  acids  in  various  degrees 
of  dilation.  Some  of  the  portions  were  exposed  to  sunlight  for  several 
days,  in  water  feehly  acidulated  with  acetic  acid,  and  then  the 
strength  of  the  acetic  acid  was  raised  to  20  per  cent,  of  the  ordinary 
concentrated  acetic  acid  of  commerce.  Other  portions  were  treated 
by  formic  acid.  Some  successfal  preparations  were  obtained  from 
portions  macerated  first  for  a  few  days  in  a  mixture  of  one  part  formic 
acid,  of  specific  gravity  1*020,  and  one  of  water,  and  then  in  the 
undiluted  acid  for  some  days  longer,  but  a  strict  adherence  to  these 
strengths  was  not  found  necessary. 

Portions  of  the  corium  thus  prepared  were  teased  out  in  glycerine 
and  examined,  directly  or  after  staining  by  different  dyes.  Staining 
by  pikric  acid  I  found  very  advantageous. 

I  was  able  to  isolate,  in  a  condition  favourable  for  study,  the  primary, 
secondary,  and  tertiary  bandies.  Generally  speaking,  although  not 
invariably,  the  tertiary  and  secondary  bundles  were  best  seen  in  the 
tissues  macerated  in  acetic  acid,  and  the  secondary  and  primary 
bundles  in  those  treated  by  formic  acid. 

Numerous  elastic  fibres  were  isolated  by  both  methods,  the  finest 
fibres  more  particularly  in  the  formic  acid  preparations.  These  fibres 
were  frequently  found  only  partially  detached  from  the  bundles,  and 
in  such  preparations  the  relations  of  the  fibres  to  the  bundles  could  be 
well  studied.  The  primary  bundles  isolated  by  these  methods  were 
flattened,  cylindrical  elements,  even  contoured,  homogeneous  in  appear- 
ance, and  uniform  in  breadth  over  the  whole  length  isolated.  The 
difference  in  breadth  between  individual  bundles  was  very  slight.  By 
measurement,  I  found  that  they  were  from  0*004  to  0*005  millim. 
broad.  The  primary  bundles  were  sometimes  seen  in  aitu,  that  is  to 
say,  as  parts  of  a  secondary  bundle,  the  breadth  of  the  latter  being 
normal.  In  other  preparations  the  contours  of  secondary  and  tertiary 
bundles  were  lost,  and  the  microscopic  field  was  filled  with  a  large 
number  of  primary  bundles,  entangled  and  twisted  by  the  needles  used 
in  teasing  them  out.  Sometimes  a  number  of  primary  bundles, 
although  separated  from  each  other,  were  yet  so  placed  that  I  could 
feel  assured  that  they  were  the  constituent  elements  of  one  secondary 
bundle.  Such  was  the  case  with  the  primary  bundles  shown  in 
fig.  4 
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Various  methods  have  been  recommended  by  histologists  for  the 
demonstration  of  the  ultimate  fibrillas  of  fibrous  tissue,  chiefly  with 
reference  to  those  of  tendon  bundles. 

If  I  may  judge  by  my  own  preparations  of  skin  and  by  the  figures 
published  in  histological  works,  the  fibriUas  of  the  cutis  bundles  are 
very  seldom  seen.  The  appearances  usually  observed  in  skin  hardened 
by  chromic  acid  and  alcohol  are  unfitted  for  a  stndy  of  the  fibrillsB.  In 
such  specimens  the  bundles  are  more  or  less  broken  up,  but  the 
individual  fibrillas  are  not,  as  a  rule,  isolated. 

I  found  that  they  were  well  shown  by  the  following  method : — ^A 
portion  of  fresh  skin,  with  the  panniculus  adiposus  attached,  was 
pinned  to  a  piece  of  cork,  in  the  manner  already  described,  and  treated 
in  the  same  way,  with  the  exception  that  this  time  glycerine,  instead 
of  chloride  of  gold  solution,  was  used  for  saturation.  When  the 
saturated  cutis  tissue  had  been  laid  bare,  the  whole  was  placed  in 
glycerine  and  allowed  to  remain  in  it  for  several  days.  Small  portions 
were  then  teased  out  in  glycerine,  stained  by  picro-carminate  of 
ammonia  and  examined  in  glycerine.  In  such  preparations  the 
secondary  bundles  were  found  isolated,  the  contours  of  the  primary 
bundles  not  being  preserved.  In  the  secondary  bundles  the  fibrill® 
were  seen  more  or  less  distinctly,  in  some  of  them  with  perfect  distinct- 
ness.    (See  fig.  8.) 

In  the  gold  preparations  the  following  facts  regarding  the  disposi- 
tion of  the  elastic  fibres  were  noted : — 

If  a  portion  of  skin  is  hardened  in  bichromate  of  potash,  and  the 
sections  moderately  stained  by  eosin,  all  the  large  elastic  fibres  are 
stained  much  more  intensely  than  the  bundles,  and  it  is  then  observed 
that  they  lie  on  the  surface  of  the  bundles,  and  run  parallel  to  them. 
In  the  gold  preparations,  after  maceration  in  formic  acid,  further 
details  regarding  the  fibres  can  be  detected.  It  is  then  seen  that  there 
is  a  close  network  of  minute  elastic  fibres,  of  which  I  have  observed 
no  traces  in  eosin-stained  bichromate  preparations,  on  the  snr£eK«  of 
the  bundles,  and  that  at  certain  points  the  larger  fibres  give  off 
branches  which  join  this  network.  At  these  points  the  network  is  so 
dense  over  a  small  defined  space  that  the  size  of  the  meshes  is  nearly 
equalled  by  that  of  the  fibres. 

Rollett,  in  the  memoir  referred  to,  states  that  the  bundles  are 
embraced  by  elastic  fibres,  and  that  the  latter  send  branches  into  the 
substance  of  the  bundles.  I  am  able  to  confirm  this  statement,  and 
to  extend  it.  In  some  of  the  gold  and  formic  acid  preparations,  I 
have  observed  that  the  elastic  fibres  which  penetrate  the  bundles  enter 
between  the  primary  bundles,  and  that  the  primary  bundles  are 
embraced  by  the  fibres  which  entwine  them  very  closely.  I  have 
never  observed  an  elastic  fibre  penetrate  a  primary  bundle. 

The  relation  of  the  elastic  fibres  to  the  primary  bundles  is  shown  in 
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fig.  7,  bnt  the  fibres  are  in  reality  more  delicate  than  is  shown  in  the 
drawing. 

The  dark  verj  finely  granular  deposit  produced  by  the  reduction  of 
the  gold  chloride  had  a  special  relation  to  the  elastic  fibres,  which  was 
best  observed  in  portions  of  skin  which  had  been  macerated  for  a 
longer  period  in  20  per  cent,  acetic  acid.  This  relation  will  be  under- 
stood by  reference  to  figs.  3,  6,  9,  and  10.  Strictly  defined  narrow 
strips  of  this  deposit  were  found  investing  the  fibres,  and  this  so 
closely  that  it  was  only  at  points  where  it  had  been  disturbed  in  the 
preparation  that  the  fibre  itself  could  be  observed. 

The  appearances  reproduced  in  figs.  3  and  10,  in  which  fibres  are 
seen  with  deposit  still  adherent,  illustrate  this  point  very  strikingly. 

In  gold  preparations  largo  fiat  oval  nuclei  are  sometimes  seen 
adherent  to  the  surface  of  the  bundle.  The  nuclei  have  the  charac- 
teristic slate  colour,  and  around  the  nucleus  a  small  ill-defined  patch 
of  gold  deposit  is  seen. 

This  deposit  could  sometimes  be  seen  to  be  continuous  with  that 
surrounding  an  elastic  fibre.  This  is  shown  in  fig.  10.  There  is 
no  reason  to  believe  that  in  such  cases  more  of  the  cell  than' the  nucleus 
has  been  preserved,  or  that  the  gold  deposit  has  any  special  relation 
to  cellular  substance.*  The  distinctly  localised  character  of  the 
deposit  around  the  elastic  fibres  supports  the  idea  that  the  larger  ones 
are  surrounded  by  an  albuminous  fluid,  of  a  like  nature  to  that  shown 
by  gold  preparations,  to  be  present  between  the  laminse  of  the  cornea. 

Isolated  tertiary  bundles  completely  surrounded  by  ehistic  fibres 
(fig.  5),  are  sometimes  seen. 

The  "  spiral  "  fibre,  as  I  have  seen  it  on  the  bundles  of  the  skin,  is 
an  elastic  fibre  that  encircles  the  bundles  like  a  ring ;  and  it  may  con- 
tinue to  do  so  after  the  ring  has  been  detached  from  other  fibres,  none 
of  which,  indeed,  may  be  found  in  the  isolated  bundle. 

The  nature  of  the  spiral  fibre  is  still  considered  by  some  histologists 
as  undecided,  and  Ranvier  regards  its  behaviour  under  picro-carminate 
staining  as  against  the  view  that  it  is  an  elastic  fibre.  In  the  prepara- 
tion drawn  in  fig.  8,  which  had  been  stained  by  picro-carminate,  a 
typical  spiral  fibre  was  distinctly  stained  yellow  by  the  pikric  acid, 
and  was  not  stained  by  the  carmine,  behaving  in  this  respect  exactly 
like  any  other  elastic  fibre. 

Confirmation  of  Rollett's  views  as  to  the  structure  of  the  bundles 
is  occasionally  found  in  bichromate  of  potash  preparations  of  skin. 
Part  of  one  of   the  most   demonstnitive  preparations  of  this  kind 

•  In  a  paper  read  before  the  Bojal  Society  in  1874  ("  Proceedings,"  No.  155, 
1874),  I  followed  the  yiew  held  by  some  hiatologistB,  that  the  gold  deposit  in  such 
preparations  is  indicatiye  of  cellular  protoplasm,  and  described  and  figured  (fig.  13) 
an  anastomosis  of  cells  in  the  skin  bj  means  of  elastic  fibres.  As  will  be  obserred 
from  the  remarks  in  the  text,  I  now  interpret  these  appearances  quite  differently. 
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which  I  have  met  with,  has  ftimished  the  subject  of  the  drawings  in 
figs.  1  and  2. 

The  specimen  is  from  the  skin  of  the  horse,  and  was  thus  prepared. 
A  portion  of  fresh  skin,  free  of  panniculas  adiposns,  was  hardened 
first  in  weak  and  then  in  stronger  solutions  of  the  bichromate,  and 
treated  bj  gum  and  alcohol  before  being  cut.  The  deep  edge  of  the 
sections — the  part  of  the  tissue  that  had  been  in  direct  contact  with 
the  bichromate  solution — showed  the  structure  of  the  bundles  best. 

The  transverse  sections  of  many  of  the  bundles  were  cut  up  into  a 
mosaic  of  somewhat  rounded  polygonal  fields  (fig.  lb  and  fig.  2),  the 
measurements  across  each  field  varying  from  0*0037  to  0*005  millim. 
Oblique  and  longitudinal  sections  of  the  bundles  showed  that  these 
fields  were  sections  of  primary  bundles.  The  mosaic  was  not  equally 
distinct  in  all  the  bundles,  even  in  parts  where  the  appearance  was 
well  brought  out.     This  varying  distinctness  is  seen  in  fig.  1. 

The  sections  of  the  primary  bundles  being  rounded  there  are  small 
angular  spaces  between  them.  These  have  not  been  successfully  shown 
in  the  drawing. 

In  this  preparation  a  delicate  connective  tissue  was  found  between 
the  bundles  of  thecorium  in  a  well  marked  form.  Its  extent  relatively 
to  the  bundles  will  be  best  understood'  by  reference  to  the  drawing. 
As  seen  in  the  preparation  it  was  distinctly  fibrillar  at  parts. 

The  cells  seen  in  the  preparation  were  in  two  positions.  Some  of 
them  were  found  in  the  delicate  tissue  between  the  bundles;  other 
oells  were  found  in  direct  connexion  with  the  bundles.  Of  the  latter 
cells  the  greater  number  seen  were  applied  to  the  surface  of  the 
bundles,  but  others  were  found  in  the  substance  of  the  bundles  between 
the  primary  bundles. 

These  cells  were  all  of  the  endothelial  type.  In  all  of  them  the 
oell-contour  was  clearly  marked,  and  in  none  of  those  observed  was 
there  a  trace  of  a  process,  or  of  ridges  and  depressions  similar  to  those 
described  by  some  histologists  in  tendon.  The  iSize  and  form  of  these 
cells  is  accurately  shown  in  fig.  1,  and  will  be  better  appreciated  by 
reference  to  the  drawing  than  by  any  detailed  description  which  I 
could  give. 

EXPLANATION  OF  THE  PLATES. 
(All  the  figures  except  figs.  8  and  10  are  drawn  bj  camera  ludda.) 

Figure  1.  From  the  oorium  of  the  horse,  bichromate  of  potash,  gum,  and  aloohol. 
Logwood  and  eoein  staining. 

(a.)  Delicate  connectiye  tissue  between  the  bundles. 
(6.)  Secondary  bundle  cut  transverselj,  showing  mosaic  formed  by  the  lec- 

tions  of  primary  bundles, 
(c.)  Cells  belonging  to  the  inter-£aacicular  oonnectiye  tissue. 
(dff,)  Cells  lodged  in  spaces  in  the  centre  of  bundles, 
(e.)  Cell  applied  to  the  surfaoe  of  a  bundle,     x  875. 
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Figuxe  2.  Part  of  a  handle  haDging  looselj  on  the  free  under  edge  of  the  same  sec- 
tion from  which  fig.  1  \b  drawn.  The  mosaic  of  primarj  bundles  is  un- 
usually  well  marked,     x  375. 

Figure  3.  Elastic  fibre,  with  patches  of  chloride  of  gold  deposit  adherent.  Isolated 
from  adult  human  skin.  Gt>ld  saturation  and  maceration  in  20  per  cent, 
acetbacid.     x  340. 

I^oxe  4.  Isolated  primarj  bundles.  Human  adult  skin.  Gold  saturation  and 
maceration  in  formic  acid,     x  340. 

Figure  5.  Tertiary  bundle  entwined  by  elastic  fibres.  Himian  adult  skin.  Gold 
saturation ;  maceration  in  acetic  acid,      x  310. 

Hgure  6.  Gold  deposit  on  a  large  elastic  fibre,  and  a  small  elastic  fibre  on  the  sur- 
face  of  a  bundle  almost  completely  ensheathed  in  gold  deposit.  Human 
adult  skin.     Gt>ld  saturation  ;  maceration  in  acetic  acid,     x  340. 

Figure  7.  An  isolated  secondary  bundle,  in  which  the  contours  of  the  primary 
bundles  are  yisible.  The  latter  are  entwined  by  minute  elastic  fibres. 
Human  adult  skin.  Gold  saturation :  maceration  in  formic  add. 
X  340. 

Figure  8.  Bundle  showing  fibnlls,  and  snared  by  an  elastic  fibre  (spiral  fibre). 
Human  adult  skin.  Saturation  with  glycerine  ;  picro-carminate  staining. 
(Hartnaok,  Objectire  No.  8  ;  Eye-piece  No.  3  j  Tube  in.) 

figure  9.  Lines  of  gold  deposit  on  bundles,  following  the  course  of  elastic  fibres. 
Human  adult  skin.    Gold  saturation :  maceration  in  acetic  acid,      x  340. 

Figure  10.  Elastic  fibre  with  a  nucleus  adhering  to  it,  and  a  streak  of  gold  deposit 
partially  detached  from  the  fibre.  (Hartnack,  Objectire  No.  8 ;  Eye- 
piece No.  3.) 


11.  *'  On  Hyaline  Cartilage  and  deceptive  appearances  produced 
by  Reagents,  as  observed  in  the  examination  of  a  Cartila- 
ginous Tumour  of  the  Lower  Jaw."  By  George  Thin, 
M.D.  Communicated  by  Professor  HuXLEY,  Sec.  K.S. 
Received  November  25,  1878. 

[Plate  8.] 

The  following  paper  is  written  with  a  twofold  object :  firstly,  as  a 
contribntion  to  the  histology  of  hyaline  cartilage ;  secondly,  to  illus- 
trate how  much  the  apparent  structure  of  a  tissue  which  is  being 
examined  microscopically  depends  on  methods  of  preparation. 

A  portion  of  a  large  tumour  of  the  lower  jaw,  believed  from  its  naked 
eye  appearances  by  two  experienced  surgeons  to  be  sarcomatous  in  its 
nature,  was  given  me  for  examination.  Although  I  was  struck  by  the 
peculiar  kind  of  resistance  it  offered  to  the  knife,  I  did  not  imagine  at 
the  time,  any  more  than  did  the  surgeons  who  excised  it,  that  the 
tumour  was  cartilaginous.  This  is  to  be  explained  by  the  &ct  that 
the  cartilaginous  i^ubstance  which  had  been  growing  with  extreme 
rapidity  was  of  a  low  type. 

In  order  to  determine  the  structure  of  the  growth,  I  hardened  por- 
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tions  of  it  in  difierent  solutions,  and  then  made  sections  which  I  stained 
with  various  colouring  agents.  The  sections  thus  prepared  differed 
from  each  other  in  a  remarkable  manner. 

Sections  from  a  portion  which  had  been  placed  for  two  days  in 
solution  of  bichromate  of  potash  were  stained  by  logwood,  picro- 
carminate  of  ammonia,  and  eosin  respectively.  In  all  of  them  the 
ground  substance  of  the  tumour  appeared  as  structureless,  and  through- 
out it  were  interspersed  a  large  number  of  rounded  nuclei.  In  the 
carmine-stained  preparations  many  of  the  nuclei  were  immediately 
surrounded  by  this  homogeneous  substance,  without  any  appearances 
of  what  might  have  been  considered  as  cell-substance  or  as  cell-pro- 
cesses being  observed.  In  some  instances  a  scant,  faintly  granular 
stained  substance  tapered  for  a  very  short  distance  from  opposite  poles 
of  the  nucleus,  producing  the  appearance  of  a  spindle  or  fusiform  cell. 
More  rarely  a  long  slender  stained  projection  tapered  gradually  from 
one  of  the  poles  of  the  nucleus  to  a  considerable  distance,  and  seemed 
to  end  in  a  fine  colourless  fibre.  The  appearances  were  such  as  have 
been  often  described  as  indicative  of  cells  with  branching  protoplasmic 
processes.  For  example,  some  of  these  apparent  cells  resembled  accu- 
rately the  smaller  of  the  coloured  figures  described  by  Ranvier  in  the 
omentum  as  "  vaso-formative  cells.  "^ 

The  sections  stained  in  eosin  solution  showed  somewhat  the  same 
appearances,  although  in  a  more  exaggerated  form.  A  homogeneous 
unstained  ground  substance  was  permeated  by  process-like  prolonga- 
tions of  a  finely  granular  stained  substance  which  surrounded  the 
nuclei,  the  prolongations  from  adjoining  cellular  centres  anastomosing. 
The  distribution  of  these  cell -like  masses  of  stained  matter  was  an 
exact  copy  of  the  appearances  seen  in  a  cornea  stained  by  gold  chlo- 
ride when  what  has  been  called  the  "  positive  image  "  is  successfully 
produced,  and  would  certainly  quite  recently,  if  not  now,  have  been 
described  by  some  histologists  as  a  highly  developed  protoplasmic 
network  of  branching  cells  (fig.  14). 

In  the  logwood  sections  the  nuclei  alone  were  stained,  but  stretching 
in  various  directions  from  the  nucleus  strong  tapering  colourless  fibres 
appeared  to  be  given  off.  A  system  of  branched  cells,  in  which  the 
protoplasm  was  very  scant,  and  the  processes  highly  developed,  was 
exactly  simulated.  This  appearance  was  the  more  deceptive,  as  when 
the  tissue  was  broken  up  with  needles,  numbers  of  these  apparently 
branched  cells  with  broken  processes  were  found  free  in  the  fluid 
(fig.  13). 

Slices  of  the  tumour  had  been  placed  fresh  in  solution  of  purpurine 
(Banvier's  formula),  and  had  been  allowed  to  remain  in  it  for  several 
days.  The  surfaces  of  the  slices  were  well  stained,  but  the  colouring 
action  of  the  dye  had  not  penetrated  deeply.  Thin  sections  were 
made  from  the  stained  surfaces  and  examined  in  glycerine.      The 
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nature  of  the  tnmoar  was  at  once  apparent.  Instead  of  the  homo- 
geneoQS  ground  substance  seen  in  the  other  preparations,  a  typical 
hyaline  cartilage,  with  a  large  proportion  of  so-called  cartilage  cells, 
was  brought  into  view.  The  .nuclei  were  well  stained,  but  the  carti- 
lage  substance  proper  was  only  very  faintly  coloured.  In  every  part 
of  all    the  purpurine  sections  the   cartilage  structure  was  perfect 

(fig.  11). 

The  purpurine  solution  contains  one-third  per  cent,  alum,  and  one- 
fourth  its  bulk  of  methylated  alcohol ;  and  it  is  to  this  composition 
probably  more  than  to  the  staining  that  the  preservation  of  the  un- 
stable cartilage  substance  was  due. 

Portions  of  the  tumour  which  had  been  placed  in  half  per  cent, 
solution  of  osmic  acid  were  teased  out,  stained  in  logwood  and  ex- 
amined in  glycerine.  Indications  of  the  cartilaginous  structure  could 
be  detected,  but  the  preparations  were  chiefly  valuable  as  demonstrating 
the  nature  of  the  cells.  The  cell-substance  was  stained  a  darkish 
brown  colour,  the  nucleus  was  well  stained  by  logwood,  and  the 
ground  substance  was  very  feebly  stained.  The  outlines  of  the  cells 
could  thus  be  observed  in  sUuj  as  well  as  studied  in  isolated  cells, 
many  of  the  latter  floating  free  in  the  fluid. 

All  the  cells  observed  were  flattened,  rounded,  or  somewhat  poly- 
gonal bodies,  with  round  nuclei  (flg.  12).  Their  contours  did  not 
correspond  exactly  with  those  of  the  rounded  cartilage  ^'capsules  ''  in 
which  they  lay. 

In  order  to  study  the  structure  of  these  so-called  "  capsules,''  por- 
tions of  the  purpurine  preparations  were  broken  up.  Considerable 
fragments  with  even  surfaces  were  thus  obtained,  with  rounded  nuclei 
on  the  surfaces.  In  some  of  these  there  was  no  trace  of  the  capsule 
formation.  In  other  fragments  a  long  piece  of  cartilaginous  ground 
substance  gave  off  laterally  small  curved  projections,  the  size  of  the 
projection  and  degree  of  the  curvature  showing  that  they  formed  parts 
of  a  capsule.  But  in  no  instance  was  an  entire  capsule  isolated.  On 
the  other  hand,  a  curved  projection  could  sometimes  be  traced  round 
one  side  of  a  capsule,  encircling  nearly  one- half  of  it,  and  then  passing 
onwards  to  form  the  bent  wall  of  another  capsule.  I  never  observed 
these  projections  doubling  back  round  the  capsule  (flg.  15). 

The  examination  of  this  tumour  has  thus  shown  that  most  delusive 
appearances  as  regards  the  nature  of  cartilage  cells  may  be  sometimes 
produced  by  staining  and  hardening  agents.  Carmine  and  eosin  by 
staining  an  unformed  substance  that  exists  in  the  structure  in  de- 
fined tracts,  may  simulate  branched  protoplasmic  cells,  and  bichro- 
mate and  logwood  preparations,  either  in  sections  or  teased  out,  may 
as  closely  simulate  cells  with  fibre  processes. 

These  facts  justify  serious  doubts  as  to  the  correctness  of  interpre- 
tation in  all  cases  in  which  histologists  have  described  branched  cells 
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in  hyaline  cartilage,  whether  the  latter  existed  as  a  normal  structure, 
or  as  a  pathological  growth.  They  further  show  that,  taken  alone, 
carmine  or  eosin  staining  should  not  be  held  as  conclusive  evidence  of 
the  existence  or  limits  of  cellular  protoplasm  in  any  animal  tissue. 

EXPLANATION  OF  THE  PLATE. 
(All  the  figures  are  drawn  by  camera  lucida ;  magnifying  power  x  2G0.) 

Hyaline  Cabtilage. 

Figure  11.  The  normal  structure  of  hyaUne  cartilage.    Purpurine. 

Figure  12.  Isolated  cells.     Osmic  acid. 

Figure  13.  Isolated  nuclei  adherent  to  portions  of  cartilage  substance,  simulating 
branched  cells  with  fibre-processes.     Bichromate  of  potash ;  logwood. 

Figure  14.  Stained  substance  in  the  cartilage  simulating  branched  cellular  proto- 
plasm.    Bichromate  of  potash  ;  eosin. 

Figure  15.  Fragments  of  cartilage  substance  separated  by  needles.    Purpurine. 


III.  "  Volumetric  Estimation  of  Sugar  by  an  Ammomated  Cupric 
Test  giving  Reduction  without  Precipitation."  By  F.  W. 
Pavy,  M.D.,  F.R.S.    Received  December  5,  1878. 

To  be  able  to  efiTect  the  quantitative  determination  of  a  body  with 
accuracy  and  facility  is  an  important  matter  looked  at  in  relation  to 
the  study  of  its  bearings.  In  the  case  of  sugar  there  are  no  reliable 
means  of  precipitating  and  weighing  it,  cither  alone  or  in  combina- 
tion, and  thus  in  the  chemical  estimation  of  this  principle  an  indirect 
method  has  to  be  resorted  to.  The  only  property  upon  which  depend- 
ence can  be  placed,  for  the  purpose  of  chemical  quantitative  analysis,  is 
its  reducing  action,  under  the  influence  of  heat,  upon  certain  metallic 
oxides,  and  that  of  copper  is  the  one  which  general  experience  shows 
to  answer  best. 

In  the  ordinary  volumetric  application  of  the  copper  test,  the  pre- 
cipitation and  diffusion  of  the  reduced  suboxide  through  the  liquid 
interferes  with  the  clear  perception  of  the  precise  point  of  complete 
decoloration,  and  thus  detracts  from  its  delicacy.  For  purposes 
where  minute  accuracy  is  of  no  moment,  a  sufficiently  approximate 
result  can  be  obtained,  but  for  physiological  investigation,  and  in 
other  cases  where  precision  is  indispensable,  the  process  is  quite  onflt 
for  employment. 

With  the  view  of  obtaining  increased  accuracy,  chemists  have  bad 
recourse  to  the  plan  of  collecting  the  precipitate  of  reduced  suboxide 
and  weighing  it  as  such  or  after  reconversion  into  the  oxide.  From 
the  difficulty,  however,  that  exists  in  procuring  the  metallic  oxide  in  a 
pure  and  uniform  state,  and  from  the  impossibility  of  completely 
freeing  the  filter  paper  used  from  adhering  surplus  copper  solution, 
some  uncertainty  is  given  to  the  results  obtained  by  this  method.     To 
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obviate  the  difficulty  here  presented,  I  suggested,  in  a  communication 
published  in  the  **  Proceedings  of  the  Royal  Society  "  for  June,  1877, 
that  the  precipitated  suboxide  should  be  collected  and  dissolved,  and 
the  copper  subsequently  thrown  down  by  the  agency  of  galvanic 
action  upon  a  platinum  cylinder,  as  is  now  frequently  done  in  the 
assaying  of  copper  ores.  The  process  has  been  found,  as  shown  by 
the  closeness  observable  in  the  results  of  counterpart  analyses,  to 
admit  of  the  greatest  precision,  and  I  have  turned  it  to  extensive 
account  in  some  recent  physiological  investigations  I  have  conducted. 
In  its  application  to  such  a  purpose,  it  may  be  held  that  time  and 
labour  should  be  considered  as  of  no  moment,  but  it  frequently 
happens  that  a  more  ready  process  of  estimation  is  needed  than  the 
gravimetric  supplies,  and  on  this  account  a  volumetric  method,  free 
from  the  objection  I  have  pointed  out  as  belonging  to  the  ordinary 
plan,  constitutes  a  desideratum. 

A  few  years  back  Bernard  introduced,  for  physiological  purposes,  a 
modification  of  the  ordinary  volumetric  process,  which  is  attended 
with  reduction  and  the  non-precipitation  of  the  reduced  oxide.  The 
process  involves  the  employment  of  a  large  quantity  of  caustic  potash, 
and  the  presence  in  the  product  to  be  tested  of  extraneous  organic 
matter.  Under  these  circumstances  it  happens  that  the  reduced  sub- 
oxide is  held  in  solution  instead  of  being  allowed  to  fall,  and  thus 
decoloration  without  precipitation  occurs  and  enables  the  point  of 
disappearance  of  the  colour  of  the  test  to  be  ascertained  with  pre- 
cision. Bernard,  in  his  remarks  upon  the  teat,  simply  made  mention 
of  the  fact  that  under  these  conditions,  reduction  without  precipita- 
tion took  place,  but  Dr.  d' Arson val,*  his  Preparateur  at  the  College  of 
France,  refers  the  effect  to  the  solvent  influence  of  the  extraneous 
organic  matter  in  presence  of  the  alkali. 

Whilst  engaged  upon  an  inquiry  into  the  merits  of  this  test,  the 
conclusion  suggested  itself  to  me  that  the  agency  preventing  the 
deposition  of  the  suboxide  was  the  development  of  ammonia.  With 
an  absolutely  pure  solution  of  sugar,  such  as  may  be  obtained  by 
inverting  the  ordinary  crystallized  cane  sugar  (refined  loaf  sugar)  no 
amount  of  potash  will  hinder  the  instantaneous  precipitation  of  the 
suboxide.  With  commercial  grape  sugar,  however,  and  in  a  still 
more  marked  manner  with  honey,  interference  with  precipitation  is 
temporarily  exerted,  and  this,  I  am  led  to  conclude,  is  due  to  the 
action  of  the  potash  in  producing  ammonia  from  the  small  quantity 
of  nitrogenous  organic  matter  incidentally  present. 

With  this  before  me,  the  idea  presented  itself  of  resorting  to  the 

direct  employment  of  ammonia  for  attaining  the  same  result.     It  is 

well  known  to  chemists  that  ammonia  is  a  powerful  solvent  of  the 

suboxide  of  copper,  leading  to  the  production  of  a  perfectly  colourless 

*  "  Gazette  Hebdomadaire  de  M^ccine  et  de  Chirurgie/*  Sept.  14,  1877,  p.  454. 
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liquid;  and  this,  from  the  facility  with  which  it  absorbs  oxygen, 
quickly  assumes  a  blue  colour  under  exposure  to  air  from  the  recon- 
version of  the  cuprous  into  the  cupric  oxide. 

If  ammonia  be  added  to  the  ordinary  Fehling's  solution,  a  liquid  is 
obtained  which  is  rendered  colourless  by  boiling  with  a  sufficiency  of 
sugar  to  effect  the  complete  reduction  of  the  cupric  oxide  present  to 
the  state  of  suboxide.  As  the  saccharine  product  is  dropped  in  the 
blue  colour  gradually  fades,  without  any  occurrence  of  precipitation 
to  interfere  with  the  perception  of  the  precise  moment  when  the  point 
of  complete  decoloration  is  attained.  The  ammonia  exerts  no  in- 
terference with  the  process  of  reduction,  but  simply  dissolves  the 
reduced  oxide,  leading,  when  complete  decoloration  is  effected,  to  the 
production  of  a  perfectly  colourless,  limpid  liquid. 

Enough  ammonia  must  be  present  to  secure  that  the  suboxide  is 
held  in  solution,  and  precaution  must  be  taken  that  whilst  the  analysis 
is  being  performed  the  reduced  oxide  does  not  become  reconverted 
into  the  oxide  by  exposure  to  the  air.  To  obviate  this  the  operation 
should  be  conducted  in  a  flask  instead  of  an  open  capsule. 

The  appliance  that  naturally  suggests  itself  as  most  suitable  for 
employment  is  a  flask  of  about  80  cub.  centims.  capacity,  with  a  cork 
inserted  into  the  neck,  through  which  a  delivery  tube  from  a  Mohr*s 
burette,  graduated  in  tenths  of  a  cub.  centim.,  passes  for  dropping  in 
the  product  to  be  examined.  Through  the  cork,  also,  there  must  be 
an  exit  tube  for  the  escape  of  air  and  steam  from  the  flask.  Should 
it  be  desired  to  avoid  the  impregnation  of  the  surrounding  atmosphere 
with  ammonia,  the  exit  tube  may  be  connected  by  vulcanized  tubing 
with  a  U-shaped  tube  containing  fragments  of  pumice  stone  moistened 
with  water  or  a  weak  acid.  The  burette  being  fixed  in  the  stand,  the 
flask  is  allowed  to  hang  suspended,  so  that  there  may  be  nothing  to 
obstruct  the  full  view  of  its  contents.  The  heat  is  applied  by  means 
of  the  flame  of  a  spirit  lamp,  and  the  best  position  for  watching  the 
disappearance  of  colour  is  by  the  light  reflected  from  a  white  back- 
ground specially  provided  for  the  purpose.  It  is  convenient  to  have 
another  burette,  graduated  in  cub.  centims.,  and  of  100  cub.  centims. 
capacity,  fixed  in  the  stand  for  holding  and  delivering  the  ammoniated 
copper  solution.  Messrs.  Griffin,  of  Garrick  Street,  have  constructed 
an  arrangement  adapted  to  meet  the  requirements. 

I  at  first  took  it  for  granted  that  in  the  action  occurring  the  same 
relation  existed  between  the  amount  of  oxide  of  copper  reduced  and 
that  of  sugar  oxidised,  as  under  the  employment  of  the  copper  test  in 
the  ordinary  way,  viz.,  that  5  atoms  of  oxide  of  copper  were  redn<^ 
by  1  atom  of  sugar,  and  the  liquid  I  first  employed  was  prepared 
by  adding  to  100  cub.  centims.  of  Fehling's  solution  300  cub.  ceniimfl. 
of  strong  solution  of  ammonia  (sp.  gr.  *880)  and  600  cub.  centims. 
of  distilled  water.     The  liquid  thus  made  contained  one-tenth  of 
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Fehling's  solution,  and  if  it  comported  itself  in  the  same  manner  as 
tlie  latter,  10  cub.  centims.  of  it  would  stand  equivalent  to  *005  grm. 
of  grape  sugar.  In  working  with  this  liquid  the  results  obtained 
were  so  accordant  in  relation  to  each  other  that  I  had  no  misgiving 
about  its  uniformity  of  action  ;  but  I  felt  that  before  beiug  definitely 
accepted  they  ought  to  be  checked  against  known  amounts  of  sugar. 
The  accomplishment  of  this  proceeding,  however,  is  not  altogether 
unattended  with  difficulty,  on  account  of  the  uncertainty  of  obtaining 
grape  sugar  free  from  impurity  and  in  a  perfectly  dried  state. 

The  method  I  have  adopted  has  been  to  operate  upon  weighed 
amounts  of  cane  sugar  and  produce  inversion  by  boiling  with  an  acid. 
I  first  found  that  the  cane  sugar,  which  is  sold  in  coarse  colourless 
crystals — that  which  is  known  as  "  white  crystal,*'  and  used  for 
sweetening  coffee — stood  the  test  on  examination  for  purity  with 
Laurent's  polarimeter.  A  weighed  quantity  was  taken,  and,  after 
being  inverted  by  boiling  with  hydrochloric  acid,  the  acid  neutralised, 
and  the  liquid  brought  to  a  known  volume,  subjected  to  treatment 
with  the  anmioniated  copper  liquid.  Kepeated  trials  were  made  with 
Yar3ring  quantities,  and  it  was  found  that  the  results  stood  in  har- 
monious relation  to  each  other,  but  that  the  amount  of  sugar  indicated 
was  larger  than  the  calculated  amount  of  invert  sugar  from  the 
weighed  quantity  of  cane  sugar  taken.  At  first  I  was  at  a  loss  for  an 
explanation  of  this  result,  but  subsequent  observation  has  revealed 
that  in  the  case  of  the  ammoniated  liquid,  6  atoms  of  oxide  of  copper 
are  appropriated  by  1  atom  of  sugar,  instead  of  5,  as  in  that  of 
Fehling's  solution  used  in  the  ordinary  way.  When  the  reckoning  is 
made  upon  this  basis  the  results  exactly  correspond  with  the  actual 
amount  of  sugar  known  to  be  present.  Moreover,  with  solutions  of 
ordinary  grape  sugar  and  diabetic  sugar,  examined  comparatively  with 
Fehling's  solution  used  in  the  ordinary  way  and  the  ammoniated 
copper  liquid,  the  results  exactly  accord  under  the  reckoning  that  5 
atoms  of  oxide  of  copper  are  appropriated  in  the  one  case  and  6  atoms 
in  the  other  by  1  atom  of  sugar. 

To  be  quite  satisfied  upon  this  point,  a  large  number  of  observations 
under  varying  conditions  have  been  made,  and  whilst  what  I  have 
stated  holds  good  for  the  ammoniated  copper  liquid  prepared  from 
Fehling's  solution,  without  any  further  addition  of  alkali,  and  with 
the  addition  of  potash  to  the  extent  of  1  grm.  to  20  cub.  centims.  of 
the  ammoniated  test,  yet  a  larger  quantity  of  potash  alters  the  action, 
and  with  6  grms.,  and  anything  beyond,  the  behavionr  is  brought  to 
the  same  as  that  of  Fehling's  solution  used  in  the  ordinary  way,  viz., 
6  atoms  only  of  oxide  of  copper  are  appropriated  by  1  atom  of  sugar. 
With  quantities  of  potash  between  the  1  and  6  grms.,  the  results 
stand  between  the  5  and  6  atoms  of  cupric  oxide. 

I  may  mention  that  observation  has  further  shown   that  whilst 
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glncose  prepared  from  starch  behaves  like  other  varieties  of  grape 
sugar,  there  is  an  intermediate  product  formed  before  the  completion 
of  the  process  of  conversion,  which  behaves  in  a  different  manner 
from  invert  sugar,  grape  sugar,  and  sugar  of  diabetes.  Estimations 
made  with  the  ammoniated  copper  liquid  coincide  with  those  made 
with  Fehling's  solution  without  the  presence  of  ammonia,  and  the 
addition  of  potash  to  the  ammoniated  liquid  produces  no  modification 
of  the  result. 

In  order  that  the  ammoniated  copper  liquid  may  be  bronght  to  the 
same  standard  of  sugar  value  as  Fehling's  solution,  and  it  is  desirable 
that  this  should  be  the  case,  the  proportion  of  copper  must  be  in- 
creased so  as  to  give  6  atoms  against  5.  By  taking  120  cnb.  centims. 
of  Fehling's  solution,  300  cub.  centims.  of  strong  ammonia  (sp.  gr. 
•880)  and  making  up  to  a  litre  with  distilled  water,  the  proper  pro- 
portion is  obtained,  and  the  ammoniated  liquid  gives  resnlts  corrobo- 
rated in  accuracy  by  the  balance,  and  coinciding  with  those  obtained 
by  Fehling's  solution  employed  in  the  ordinary  way. 

As  a  minor  point  it  may  be  remarked  that  the  diluted  state  pre- 
sented by  the  ammoniated  liquid  offers  an  advantage  by  diminishing 
the  liability  to  error  arising  from  any  want  of  absolute  precision  in 
measurement. 

Twenty  cub.  centims.  of  the  ammoniated  copper  solution,  corre- 
sponding with  '010  grm.  sugar,  having  been  run  in  from  the  burette 
containing  the  test,  the  flask  is  adapted  to  the  cork  attached  to  the 
delivery  tube  of  the  other  burette  containing  the  saccharine  product 
for  examination.  The  flame  of  a  spirit  lamp  is  then  applied  under- 
neath, and  the  contents  of  the  flask  brought  to  a  state  of  ebullition 
and  allowed  to  boil  for  a  few  minutes  in  order  to  get  rid  of  the 
presence  of  air.  The  saccharine  product  is  now  allowed  to  drop  from 
the  burette  until  the  blue  colour  of  the  test  is  just  removed,  and  a 
perfectly  colourless  limpid  state  produced. 

On  account  of  the  ammoniated  copper  solution  used  being  only 
equivalent  to  2  cub.  centims.  of  Fehling's  solution,  it  is  necessary 
that  the  product  to  be  examined  should  not  be  in  too  concentrated  a 
form.  For  delicate  observation  it  is  convenient  that  the  dilution 
should  be  such  as  to  require  the  employment  of  from  about  10  to  20 
cub.  centims.  to  decolorize  the  20  cub.  centims.  of  the  ammoniated 
copper  solution. 

The  ammoniated  copper  solution  enjoys  the  advantage  of  possessing 
a  self -preservative  power.  It  is  well  known  in  the  case  of  Fehling's 
solution  that,  in  the  course  of  time,  not  only  does  the  liquid  become 
impaired  in  stability,  but  actually  reduced  in  strength,  by  the  spon- 
taneous deposition  of  a  certain  amount  of  suboxide.  Not  so,  how- 
ever, with  the  ammoniated  liquid.  Here  the  conditions  are  such  that 
under  exposure  to  air  the  copper  cannot  fail  to  remain  in  solution  and 
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to  be  maintamed  in  a  fnllj  oxidized  state.  A  further  advantage  is 
given  bj  the  influence  of  the  presence  of  ammonia  on  the  colour  of 
the  test,  for,  in  proportion  to  the  height  of  colour  of  a  volumetric 
liquid,  so  is  its  degree  of  delicacy  as  a  reagent,  and  the  effect  of  the 
addition  of  ammonia  to  the  ordinary  copper  test  is  to  considerably 
incarease  the  blue  colour  belonging  to  it. 

Seeing  that  the  test  here  proposed  acts  with  equal  efficiency  either 
in  the  presence  or  absence  of  extraneous  organic  matter,  it  is  alike 
adapted  for  employment  by  the  chemist,  the  physiologist,  and  the 
medical  practitioner  in  relation  to  diabetes. 


IV.  **0n  the  Effect  of  Strong  Induction-Ciirrents  upon  the 
Structure  of  the  Spinal  Cord."  By  William  Miller  Ord, 
M.D.,  F.L.S.,  Fellow  of  the  Royal  College  of  Physicians, 
Physician  to  St.  Thomas's  Hospital.  Communicated  by  J. 
Simon,  C.B.,  D.C.L.,  F.R.S.    Received  December  17, 1878. 

(Abstract.) 

The  results  of  a  series  of  experiments  are  related.  They  were 
founded  upon  considerations  offered  by  chorea,  tetanus,  and  similar 
diseases ;  certain  clinical  facts  and  post-mortem  observations  having 
led  the  author  to  suppose  that  the  occurrence  of  protoplasmic  convul- 
sion or  spasm  in  the  grey  matter  of  the  nervous  system  was  con- 
siBtent  with  the  morbid  appearances  and  with  the  history  of  cases. 

The  present  series  of  observations  was  made  upon  adolescent  dogs. 
The  spinal  cord  was  the  part  selected  for  experiment.  The  dogs  were 
killed  by  chloroform,  and  the  cord,  rapidly  exposed,  was  galvanized 
for  different  periods  and  in  different  directions.  In  all  cases  parallel 
experiments  were  made  with  dogs  of  the  same  age  and  size,  all  points 
of  the  operation  being  carried  out  in  the  same  way,  save  for  the  appli- 
cation of  the  galvanic  currents. 

The  following  effects  were  observed : — 

1.  Broadening  of  the  cord  in  parts  through  which  currents  had 
been  passed  longitudinally,  narrowing  where  transverse  currents  had 
been  applied. 

2.  In  the  narrowed  parts  a  great  diminution  in  the  sectional  area  of 
the  grey  matter  with  retraction  of  the  posterior  horns. 

3.  In  the  same  parts  a  remarkable  dilatation  of  the  central  spinal 
canal,  and  an  infiltration  of  myelin  and  leucocytes  into  the  cavity. 

4.  The  production  of  spaces  around  corpuscles,  vessels,  and  nerve- 
bnndles  by  the  retraction  of  the  protoplasmic  matter.  Such  spaces 
were  often  found  filled  with  debris^  containing  coagula,  myelin,  and 
vacuoles.  They  corresponded  in  appearance  with  the  "  perivascular 
erosions  **  of  Dickinson. 
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5.  The  contraction  of  nerve- corpuscles,  which,  being  much  more 
marked  between  their  branches,  gave  them  a  soalloped  appearance. 
Vacuoles  were  formed  within  them,  and  in  the  spaces  formed  by  their 
retraction,  and  bj  the  retraction  of  surrounding  parts. 

6.  In  some  places  mptnre  of  nervous  tissue  was  observed. 

7.  In  longitudinal  sections  nerve-fibres  were  found  flattened  and 
varicose,  the  flattening  resembling  that  described  bj  Elischer  in  fibres 
of  median  nerve  in  chorea. 

Conclusions. — ^1.  That,  in  young  dogs,  the  protoplasmic  constituent 
of  the  grey  matter  contracts  en  masse  under  the  influence  of  strong 
faradaic  currents. 

2.  That  it  contracts  unequally  and  irregularly  by  reason  of  its  un- 
equal and  irregular  sectional  area,  causing  thereby  condensations  at 
certain  points — notably  in  the  anterior  horns  and  around  the  central 
canal — and  rarefaction  at  others — notably  in  the  middle  of  each 
crescent ;  such  rarefaction  going  on  sometimes  to  rupture  of  tissues. 

3.  That  nerve-corpuscles  contract  in  various  degrees  according  to 
the  strength  and  duration  of  currents,  and  that  while  they  tend  in 
contraction  to  become  spherical  they  also  tend  to  become  vacuolated. 

4.  That  the  vessels  are  in  some  places  strongly  contracted  and 
empty ;  in  others  dilated  and  filled  with  blood  clot,  having  the  appear- 
ance of  embolus. 

5.  That  the  appearances  correspond  so  decidedly  with  appearances 
in  chorea  and  tetanus  as  to  give  ground  for  the  supposition  that  con- 
tractions, such  as  are  produced  by  electricity,  do  actually  occur  during 
life  under  the  effect  of  nervous  shock,  and  may  be  phenomena  causal 
or  associate  of  disease. 


V.  "  Concluding  Observations  on  the  Locomotor  System  of 
MednssB."  By  George  J.  Romanes,  M.A.,  F.L.S.  Com- 
municated by  Professor  HuxLEY,  Sec.  R.S.  Received  De- 
cember 30,  1878. 

(Abstract.) 

The  principal  bulk  of  the  paper  is  devoted  to  a  full  consideration  of 
numerous  facts  and  inferences  relating  to  the  phenomena  of  what  the 
author  terms  **  artificial  rhythm."  Some  of  these  facts  have  already 
been  published  in  abstract  in  the  '*  Proceedings  of  the  Royal 
Society"  (vol.  zxv),  and  to  explain  those  which  have  not  been 
published  would  involve  more  space  than  it  is  here  desirable  to  allow. 
The  tendency  of  the  whole  research  on  artificial  rhythm,  as  produced 
in  various  species  of  Medusw,  is  to  show  that  the  natural  rhjrthm  of 
these  animals  (and  so  probably  of  ganglio-muscular  tissues  in  general) 
is  due,  not  exclusively  to  the  intermittent  nature  of  the  ^panglionic 
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discbarge,  bat  also  in  large  measure  to  an  alternate  piooesi  of  ex- 
lianstion  and  restoration  of  excitability  on  tbe  part  of  tbe  responding 
tisBiies — ^tbe  ganglionic  period  coinciding  witb  tbat  daring  whieb  tbe 
process  of  restoration  lasts,  and  tbe  ganglionic  discbarge  being  tbns 
always  tbrown  in  at  tbe  moment  wben  tbe  excitability  of  tbe  respond- 
ing tissaes  is  at  its  climax. 

Ingbt  bas  been  found  to  stimulate  tbe  litbocysts  of  covered-eyed 
MedussB  into  increased  activity,  tbns  proving  that  tbese  organs,  like 
tiie  marginal  bodies  of  tbe  naked-eyed  Medusad,  are  rudimentary 
organs  of  vision. 

Tbe  polypite  of  Aurelia  cmnta  bas  been  proved  to  execute  move- 
ments of  localization  of  stimuli,  somewbat  similar  to  tbose  wbicb  tbe 
autbor  bas  already  described  as  being  performed  by  tbe  polypite  of 
Tiaropsis  indicans. 

Alternating  the  direction  of  tbe  constant  current  in  tbe  muscular 
tissues  of  tbe  Medusw  bas  tbe  effect  of  maintaining  tbe  make  and 
break  stimulations  at  tbeir  maximum  value ;  but  tbe  valne  of  tbese 
stimulations  rapidly  declines  if  tbey  are  successively  repeat/cd  witb  tbe 
eonent  passing  in  tbe  same  direction. 

In  tbe  sab-umbrella  of  the  Medasce  waves  of  nervous  excitation  are 
sometimes  able  to  pass  wben  waves  of  muscular  contraction  bave 
become  blocked  by  tbe  severity  of  overlapping  sections. 

Exbaustion  of  tbe  sub-umbrella  tissues — especially  in  narrow  con- 
necting  isthmuses  of  tissue — ^may  bave  tbe  effect  of  blocking  tbe 
passage  of  contractile  waves. 

Litbocysts  bave  been  proved  sometimes  to  exert  tbeir  ganglionic 
influence  at  comparatively  great  distances  from  tbeir  own  seats — con- 
tractile  waves,  originating  at  points  in  tbe  sub-umbrella  tissue 
remote  from  a  litbocyst,  and  ceasing  to  originate  at  tbat  point  wben 
tbe  litbocyst  is  removed.  A  nervous  connexion  of  this  kind  may  be 
maintained  between  a  litbocyst  and  the  point  at  wbicb  tbe  waves  of 
contraction  originate  even  after  severe  forms  of  section  bave  been 
interposed  between  tbe  litbocyst  and  tbat  point. 

Wben  the  sab-umbrella  tissue  of  Aurelia  is  cut  tbrougbout  its 
wbole  diameter,  tbe  incision  will  again  heal  up,  sufficiently  to  restore 
physiological  continuity,  in  from  four  to  eigbt  bours. 


January  23,  1879. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  tbe  Cbair. 

Tbe  Presents  received  were  laid  on  tbe  table,  and  thanks  ordered  for 
tbem. 
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The  following  Papers  were  read : — 

I.  "  Researches  on  Chemical  Equivalence.  Part  I.  Sodic  and 
Potaasic  Sulphates."  By  Edmund  J.  Mills,  D.Sc,  F.R.8^ 
<*Yoiuig"  Professor  of  Technical  Chemistry  in  Anderson'^ 
College,  Glasgow,  and  T.  U.  WALTON,  B.Sc.  Received 
October  16,  1878. 

The  conception  of  a  chemical  equivalent  as  employed  in  these 
researches  corresponds  to  a  definition  first  given*  by  one  of  ns,  yue., 
that  the  chemical  equivalent  of  a  body  is  that  weight  of  it  which  does 
the  unit  of  work.  We  do  not  therefore  use  the  term  in  its  ordinary 
sense;  as,  for  example,  when  it  is  said  that  H  is  ''equivalent"  to  CI, 
Na,  &c. 

The  following  experiments  were  arranged  with  the  view  of  determin- 
ing the  effect  of  potassic  and  sodic  sulphates  on  the  rate  of  formation  of 
ammonia,  when  nascent  hydrogen  is  made  to  act  on  potassic  nitrate. 
Judging  from  their  behaviour  in  other  cases,  it  was  expected  that  in 
this  instance,  also,  their  action  would  be  one  of  retardation.  Experi* 
ment,  however,  has  proved  the  reverse,  on  the  whole,  to  be  true. 

The  extremely  delicate  nature  of  the  reaction,  which  is  liable  to  be 
spoiled  by  the  accidental  falling  in  of  a  single  speck  of  dust,  or  by 
flight  variation  of  temperature,  or  unequal  exposure  of  the  different 
solutions  to  ligbt,  rendered  the  attempt  to  measure  the  effect  a  matter 
of  peculiar  difficulty. 

At  first,  common  sheet  zinc,  thoroughly  cleansed  from  grease,  was 
'  placed  in  a  solution  of  potassic  nitrate  and  hydrate,  and  the  amount  of 
ammonia  formed  during  periods  varying  from  twenty-four  hours  to  one 
week  was  measured.  But  the  results  were  very  irregular  and  unsatis- 
factory. Galvanic  couples  seemed  to  be  established  at  certain  points 
on  the  surface  of  the  zinc,  probably  due  to  the  presence  of  iron  or  lead 
as  impurities.  Thin  zinc  foil  was  next  tried,  but  with  Uttle  better 
result ;  neither  were  any  alterations  in  the  shape  or  disposition  of  the 
foil  attended  with  success.  Fresh  experiments  were  also  undertaken 
with  sodium  amalgam  instead  of  zinc  and  potassic  nitrate ;  but  the 
action,  though  rather  more  uniform,  was  still  very  uncertain.  It  was 
found  impossible  to  obtain  a  perfectly  homogeneous  solution  of  sodium 
in  mercury,  entirely  free  from  sodic  oxide  and  hydrate ;  and  this 
seriously  impaired  the  accuracy  of  measuring  out  the  amalgam. 

The  only  plan  which  was  found  to  give  results  at  all  comparable 
with  each  other,  was  using  zinc  amalgam  and  potassic  nitrate.  The 
experiments  were  performed  in  wide-mouthed  glass^stoppered  bottles 
of  cylindrical  shape,  having  an  internal  diameter  of  60  mm.,  and  a 
total  capacity  of  815  cub.  centims.     Each  bottle  contained  1  grm. 

•  "  Philosophical  Magatine/'  [5],  i,  14. 
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potassic  niiraie,  1  grm.  potassic  hydrate  (prepared  from  the  sulphate 
by  means  of  baryta  water),  and  a  quantity  of  anhydrous  alkaline 
sulphate,  varying  from  0  to  1  grm. ;  the  whole  being  dissolved  in 
150  cub.  centims.  of  distilled  water,  very  free  trom  ammonia.  The 
reagents  had  been  carefully  purified.  30  cub.  centims.  of  amalgam, 
prepared  by  dissolving  10  grms.  zinc  in  10  kilogs.  mercury,  were  then 
added,  and  the  "  system  "  was  preserved  from  dust  and  light.  After 
twenty  hours,  the  amount  of  ammonia  was  estimated  by  Neesler's 
method.  Traces  of  this  substance  were  occasionally  present  in 
the  solutions  employed,  and  a  corresponding  correction  had  to  be 
made.  In  every  experiment,  nine  solutions  were  prepared  at  the  same 
time — ^three  free  from  sulphate,  three  containing  sodic  sulphate,  and 
three  potassic  sulphate ;  and  the  mean  of  each  three  was  taken  as  the 
true  value  for  that  particular  experiment.  Fifteen  comparisons  of 
each  of  nine  solutions,  arranged  in  this  way,  were  made  with  different 
quantities  of  sulphate.  Tha  temperature  was  taken  at  the  beginning, 
in  the  middle,  and  at  the  conclusion  of  the  experiment ;  the  tempera- 
ture at  night  being  registered  by  one  of  the  automatic  thermometers 
sold  by  Negretbi  and  Zambra.  Owing  to  the  extreme  delicacy  of  the 
reaction  and  the  slight  causes  which  suffice  to  interfere  with  it,  the 
numbers  obtained  from  single  experiments  are  not  sufficiently  reliable 
to  measure  the  precise  amount  of  change  caused  by  varying  the 
quantity  of  alkaline  sulphate.  Every  comparison,  however,  though 
made  with  a  different  weight  of  sulphate  from  that  employed  in  the 
others,  involved  equal  weights  of  potassic  and  of  sodic  sulphate ;  and 
hence  the  relative  effect  of  those  two  bodies  has  been  very  clearly 
approximated  to. 

The  following  table  gives  a  summary  of  the  observations  made : — 


Ratio. 

O-rm 

fl-rm.  ammoniA 

sulphate 
added. 

Mean 
temp.  C. 

^^  *  AAA*      W  UbAIAAVr  AAAAV 

formed  in  the 
blank  (150  c.o.). 

Blank. 

Experiment 

with  sodic 

salt. 

Experiment 
with  potassic 
salt.   . 

0  1 

18-4 

0-0000432 

100 

102-2 

99*5 

•0  1 

14-6 

0  0000185 

100 

99-1 

88-8 

0-2 

13-4 

0*0000424 

100 

100-1 

103-2 

0-3 

16-4 

0  0000459 

100 

79-3 

79-5 

0-3 

14  1 

0-0001200 

100 

103-9 

102-0 

0-4 

15-6 

0 -0001350 

100 

105-4 

109-5 

•0-5 

15-6 

0-0000655 

100 

108-5 

97-7 

•0-5 

16-3 

0-0000493 

100 

110  1 

96-6 

0-6 

18-4 

0  0000391 

100 

99-5 

105-1 

0-6 

22-6 

0-0000446 

100 

109-7 

107-8 

0-7 

17  1 

0  0000431 

100 

104-8 

104-8 

0*8 

15-2 

0-0000670 

100 

113-8 

113-2 

0-9 

15-4 

0  0000679 

100 

107-1 

113-4 

•]-0 

12-3 

0-0000359 

100 

111-1 

129*8 

10 

17-0 

0  0000456 

• 

100 

121-7 

114-9 
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'  The  ratio  of  the  working  efEect  of  Bodic  to  that  of  potassic  Bolphate, 
as  calculated  from  the  numbers  given  above,  is  10()*16  :  100,  with  a 
probable  uncertainty  of  1*3  per  cent.  This  is  the  mean  value,  reckoned 
by  the  method  of  least  squares,  from  the  whole  of  the  observations. 
The  rejection  of  the  four  experiments  marked  with  an  asterisk,  which 
differ  somewhat  widely  from  the  rest,  would  give  the  ratio  99*53  :  100, 
with  a  probable  uncertainty  of  0*73  per  cent. ;  while  the  probable  error 
of  a  single  observation  would  then  be  reduced  from  5*02  to  2'4t  per 
cent.  [Owing  to  the  number  of  determinations  made,  any  error  in  tiia 
result  is  but  very  slightly  affected  by  error  in  the  ammonia  estimation.] 

The  conclusions  which  we  think  may  fairly  be  drawn  from  these 
numbers  are : — 

(1.)  That  sodic  and  potassic  sulphates  have  a  well-marked  influence 
on  the  reaction  to  which  we  have  referred ; 

(2.)  That  as  more  sufphate  is  added,  the  reaction  is- accelerated ; 

(3.)  That  equal  weights  of  sodic  and  potassic  sulphates  have  as 
nearly  as  possible  the  same  working  effect. 

The  last  conclusion  may  be  otherwise  expressed  thus : — 

If  we  represent  our  equivalent  of  potassio  sulphate  by  a  number^  then 
ihe  equwalent  of  sodic  siUphate  is  represented  by  the  same  number. 


II.  *' Researches  on  Chemical  Equivalence."  Part  II.  Hydrio 
Chloride  and  Sulphate.  By  Edmund  J.  Mills,  D.Sc^ 
F.R.8.,  and  James  Hogarth.    Received  December  4,  1878. 

While  carrying  out  our  researches  on  lactin,*  it  struck  us  that  use 
might  be  made  of  it  to  compare  the  dynamical  equivalents  of  acid 
bodies.  We  accordingly  selected  hydric  chloride  and  hydric  sulphate 
for  the  measurements  in  question,  and  prepared  solutions  of  these 
acids,  containing  respectively  73  grammes  hydric  chloride  (2HC1), 
and  196  grammes  hydric  sulphate  (2H2SO4)  per  litre.  An  experi- 
ment was  first  tried  with  5  grammes  lactin  and  10  cub.  centims.  of 
the  hydric  chloride  solution  in  a  total  volume  of  70  cub.  centims.  At 
a  temperature  of  17°  C.  there  was  no  change  of  rotation  in  tweniy- 
four  hours.  In  a  second  experiment  a  similar  solution  was  raised  for 
an  hour  to  40^  C,  and  then  for  an  hour  to  60°  C. ;  but  without  effect 
on  the  rotatory  power.  The  temperature  of  100**  C.  was  finally 
adopted,  the  change  at  that  point  taking  place  at  a  rate  admitting  of 
accurate  measurement.  The  method  of  experiment  was  as  follows : — 
A  measuring  flask  was  made  marked  to  contain  60  cub.  centims. ;  in 
this  were  placed  50  cub.  centims.  of  a  10  per  cent,  solution  of  lactin 
(i.e.,  5  grammes),  the  acid  measured  in,  and  the  volume  made  up  to 

•  Poii,  p.  278. 
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the  m&rk.  To  prevent  evaporation  daring  heating,  the  neck  of  the 
flask  was  left  long,  and  a  narrow  bent  tnbe  attached  by  an  india- 
rabber  joint.  The  time  was  accurately  noted  when  the  flask  was 
placed  in  the  bath.  After  half  an  hour,  the  flask  was  taken  ont 
quickly,  plunged  into  cold  water,  and  the  contents  when  cold  trans- 
ferred to  the  polarimeter  tube.  The  tube  used  in  the  researches  on 
lactin  had  to  be  modified  in  these  experiment,  the  cement  not  being 
able  to  withstand  the  action  of  the  acid.  In  its  altered  form,  the 
plate  glass  covers  were  secured  by  two  screw  rods  and  nuts,  a  thin 
washer  of  gutta-percha  tissae  being  placed  between  the  ends  of  the 
tube  and  the  plates.  This  washer  did  not  materially  affect  the  length 
of  the  column,  and  made  the  tube  perfectly  tight.  The  length  of  the 
tube  was  thus  reduced  to  216  millims. 

The  results  of  these  experiments  are  given  in  the  following  table. 
The  quantity  of  acid  is  the  only  varied  conditfon  of  experiment. 

Action  of  Hydric  Chloride  and  Hydric  Sulphate  on  Lactin. 

Total  volume  in  each  case  60  cub.  centims.    Weight  of  Lactin 

=se5  grammes. 


Hjdric  chloride. 

Hjdrio  sulphate. 

Half- 

hour 
intervals. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

4  cub. 

4  cub. 

7*5  cub. 

8  cub. 

4  cub. 

4  cub. 

7  -5  cub. 

oentims. 

oentims. 

oentims. 

centims. 

centims. 

centims. 

centims. 

0 

9-566 

9 -566 

9-565 

9*565 

9*565 

9-565 

9-565 

1 

10-327 

10- 197 

10  -767 

10-717 

10-320 

10 -278 

10-843 

2 

10  812 

10  -670 

11-388 

11*840 

10-974 

10-720 

11-428 

8 

11  -218 

11-010 

11-790 

11-633 

11-203 

11  085 

11-643 

4 

11-400 

11 - 147 

11-850 

11-742 

11  •855 

11-286 

11-850 

6 

11-490 

6 
7 
8 
9 

* . 

•  • 

11  -852 

11-764 

.  • 

11-445 

11-850 

11  -770 

11  -670 

11-864 

11-607 

10 
11 

11  -765 

11  -716 

• 

The  eqaation  A  is  deduced  from  the  average  of  Nos.  1  and  2  by  the 
method  of  least  squares,  the  probable  error  of  a  single  comparison  of 
calculated  and  experimental  numbers  being  -0653. 

The  equation  B  is  similarly  deduced  from  Nos.  5  and  6,  its  probable 
error  being  'Q3S7, 

C  is  the  equation  to  No.  3  with  a  probable  error  '0818 
D    „  „  No.  7    „  „  „      -1063 

E     ,.  „  No.  4    „  «  „     -0848 


)) 


)9 


)) 


H 
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Equations. 

A  y=9-6785+    'hQOZhx- 

B  y=9-6500+    •63271aj 

C  y=9 -6827+1  •04941aj. 

D  y=9 -7283+1  •00775»- 

E  y =9 -6889+    •98961aj- 


•03621««. 
•04690sB». 
•11635aj*. 
•11090aj». 
•10931aj«. 


In  eacli  equation  y  is  the  rotation  in  degrees,  x  is  the  time  in  half- 
hours.    Bj  placing  -J?=:0  in  each  equation,  we  find  the  value  of  x  when 

y  has  its  highest  value.  The  corresponding  value  of  y  is  thence 
calculated  by  substitution  in  the  equation  considered.  We  thus  find 
data  for  the  comparison  of  the  two  acids. 


HCl 

H2SO4 

A.  •  •  •  . 
\j    •  ••  < 

..    aj=:7  74, 
, . .    a!=4  '61, 

y=li-846 
y=12  -048 

B  •  •  •  • 
D.... 

..    a;=6  74,    y=li  780 
..    aj=4-54,    y=12  017 

2HC1 

H2SO4 

£i  •  •  •  < 

. . .    a;=4  -53, 

y=ll  -928 

B  •  • . . 

..    a;=6  74,     ^=11 780 

These  results  show  that  though  2nCl  may  be  the  "  equivalent "  of 

H3SO4  in  weight  for  saturation  (i.e.,  in  the  ordinary  sense),  it  certainly 

is  not  the  equivalent  in  the  dynamical  sense.     They  also  render  it 

highly  probably  that  HCl  is  equal  dynamically  to  HjSOi.     Ostwald,* 

by  a  method  based  on  the  alteration  of  the  specific  volume  of  solutions, 

2HC1 
has  shown  that  the  ratio  ^-—-—=1*93,  a  result  which  our  numbers, 

H3SO4 
though  not  as  perfect  as  we  could  wish,  nevertheless  strongly  con« 
firm-t 


•  "  Joum.  Prakt.  Chem.,"  N.F.  xvi,  p.  419. 

t  If  the  ounre  equations  be  examined,  it  is  found  that  the  highest  ralue  of  y  is 
practioallj  the  same  in  each.  By  taking  the  ayerage  Talne  ^W'92^,  and  caloulat- 
ing  to  specific  rotation  (assuming  that  the  action  involyes  no  change  of  weight),  the 
number  78*78  is  obtained.  This  falls  short  of  the  specific  rotation  of  galactofe 
(83*^,  and  seems  to  point  to  the  dual  nature  of  lactin  mentioned  in  the  reaearohei 
on  lactin ;  probablj  at  this  point  the  sugar  in  solution  is  Fudakowski's  laoio-gluooee. 
("  Deut.  Chem.  G«8.  Ber.,"  ix,  42-44.) 
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III.  "Researches  on  Lactin."  By  Edmund  J.  Mills,  D.Sc, 
F.R.S.,  "Young"  Professor  of  Technical  Chemistry  in  An- 
derson's College,  Glasgow,  and  James  Hogarth.  Received 
December  4,  1878. 

Althoagli  lactin,  or  sugar  of  milk,  Has  been  investigated  by  nnme- 
rons  cbemists,  there  are  many  problems  connected  with  it  which  still 
await  solation.  We  have  accordingly  undertaken  a  series  of  experi- 
ments in  connexion  with  this  remarkable  compound,  in  the  hope,  not 
only  of  obtaining  special  results,  but  snch  as  may  be  made  available 
in  studies  of  a  more  general  nature.  As  our.  work  throughout  has 
been  for  the  most  part  optical  as  well  as  chemical,  we  have  first  to 
state  our  methods  of  obtaining  the  constant  of  Jellett's  polarimeter, 
the  instrument  employed  in  our  investigations. 

I.  Determination  of  the  Polarimeter^s  Constant. — a.  By  quinine  sul- 
phate. 5'5412  grms.  of  the  sulphate  were  dissolved  in  water  acidu- 
lated with  hydric  sulphate,  and  the  solution  made  up  to  100  cub. 
centims.  The  average  of  five  readings  gave  a  solution  of  —  26°'73, 
equivalent  to  a  specific  rotatory  power  of  —  232°*]6.  De  Gris  and 
AUuard*  give  —  256°'6,  a  number  which  is  to  our  experimental  num- 
ber as  1-10096  to  1. 

j8.  By  cane  sugar.  Three  sets  of  experiments  on  solutions  contain- 
ing respectively  16*3600,  8*1750,  and  4*0875  grms.  in  100  cub.  centims., 
and  embracing  five,  four,  and  four  readings,  gave  a  general  mean 
reading  21°* 74,  equivalent  to  a  specific  rotation  66"'48. 

This  is  to  the  generally  accepted  number  (73®'8)  as  1  to  1*11011. 

7.  By  salicin.  Two  sets  of  experiments  with  solutions  containing 
respectively  4*9156  and  2*4578  grms.  in  100  cub.  centims.,  and  each 
embracing  three  readings,  gave  a  general  mean  reading  4°*92,  equal  to 
a  specific  rotation  50*'*046.  Bouchardatf  gives  55°*832,  which  is  to 
the  number  got  by  Jellett's  instrument  as  1*11561  to  1. 

The  average  of  the  three  numbers,  1*10096,  I'llOll,  and  1*11561, 
gives  1*10889  as  an  experimental  factor  for  converting  our  Jellett 
readings  into  ordinary  readings. 

The  relation  of  the  two  scales  may  also  be  seen  by  examining  the 
arc  divided  to  read  percentages  of  cane  sugar  with  a  solution  contain- 
ing 16*35  grms.  in  100  cub.  centims.  In  the  Jellett  instrument,  an 
arc  of  21^*666  is  divided  into  hundredths  for  this  purpose ;  and  as 
16*35  grms.  pure  cannose  read  100  on  this  scale,  the  specific  rotation 

•  "  Compt.  rend.,"  lix,  201. 
t  "  Oompt.  rend.,"  xviii,  298. 
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is  66°-256,  which  is  to  73°-8  as  1  to  1-11386— a  factor  which  differs 
from  the  above  experimental  one  by  0*45  per  cent. 

All  the  specific  rotations  given  hy  us  are  corrected  hy  this  factor, 
and  are  comparable  with  those  in  general  use. 

In  all  onr  experiments  the  specific  rotation  is  calculated  by  the 

formula  [a]=— .     Where  [a]s:  specific  rotation,  a  =  the  reading  in 

degrees,  V  the  volume  of  solution  containing  the  weight  |7,  and  I  =■ 
the  length  of  the  column  in  decimeters  (in  the  above  expenmente, 

n.  DotemUnatton  of  the  Permanent  Specific  BotaUon  of  Laciin, — The 
lactin  was  purified  hy  filtration  through  animal  charcoal,  and  two  or 
three  crystallizations,  after  which  it  left  no  sensible  residue  on  ignition 
in  air.    Five  sets  of  readings  were  made : — 


• 


(1.)  Average  of  5  readings.     Specific  rotation    52  '84 

(2.)  99  M  »  9>  i»  ^3  '23 

(3.)        „  „        „  „  „  53  *37 

(4.)        „  3        „  „  „  63-04 

(5.)        „  „        „  „  „  53  '07 

The  general  mean  of  these  numbers  is  53°*12,  which,  multiplied  by 
the  ^ictor  1*11386,  gives  59**'!  7  as  the  permanent  specific  rotation  of 
lactin.  The  number  given  by  Berthelot*  is  59®'3.  In  every  experi- 
ment, care  was  taken  that  the  rotatory  power  of  the  solution  had 
become  constant.  Three  different  samples  of  lactin  were  employed. 
Experiments  (1),  (2),  and  (3),  were  on  sample  I,  (4)  on  sample  II, 
and  (i5)  on  sample  III.  As  the  samples  were  prepared  at  different 
times,  and  by  a  method  varying  slightly  each  time,  the  very  small 
differences  in  the  results  show  that  the  lactin  contained  little  or  no 
impurity. 

III.  ExammcUion  of  the  Law  for  the  Chcmge  of  Rotation  in  a  freshly 
prepared  Solution  of  Lactin, — If  the  rotatory  power  of  an  aqueous 
solution  of  lactin  be  examined  at  short  intervals  of  time,  it  soon 
becomes  apparent  that  a  change  is  taking  place,  the  angle  through 
which  the  plane  of  polarization  is  rotated  becoming  gradually  less. 
The  object  of  the  following  experiments  is  to  quantify  the  phenomenon 
in  question. 

Five  grms.  of  lactin  were  dissolved  as  rapidly  as  possible  (time 
taken,  1  hour  15  minutes)  in  cold  water,  and  the  solution  made  up  to 
100  cub.  centims.  The  polarimeter  tube  (2  decims.  long)  was  fiiled 
with  the  liquid,  and  a  first  observation  taken  15  minutes  after  com* 
plete  solution,  or  1^  hour  after  first  contact.     Succeeding  readings 

•  "  Ann.  Ch.  Phyi.,"  £8],  Ur,  82  j  be,  ©8. 
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were  made  at  intervals  of  2  hotirB,  the  results  being  given  under 
TaUe  I,  No.  21. 

See  Table  I. 

In  order  to  increase  the  total  change  and  lessen  proportionally  the 
error  of  experiment,  it  became  necessary  to  use  a  stronger  solution,  to 
increase  the  length  of  column,  and  to  reduce  the  interval  elapsing 
between  first' COtitact  and  first  observation  as  far  as  possible.  To 
attain  these  conditions  the  following  method  was  adopted : — About 
10  grms.  of  powdered  lactin  were  rubbed  in  a  mortar  with  about 
60  cub.  centims.  of  water  for  half  an  hour,  the  solution  filtered,  and 
the  first  observation  taken  one  hour  after  first  contact.  The  metal 
tube  belonging  to  the  polariscope  was  also  discarded,  and  a  glass  one 
ooostnicted  from  a  piece  of  tubing  17  millims.  wide,  by  sealing  on  a  side 
piece  for  the  introduction  of  a  thermometer,  and  grinding  the  ends 
oarefolly  until  it  measured  242  millims.,  the  greatest  length  admitted 
hf  the  polaHmeter.  Two  glass  disks  were  cemented  on  the  ex- 
tremities, and  the  tube  covered  from  end  to  end  by  a  helix  of  thin  tin 
tabing,  through  which  a  current  of  water  might  be  passed  to  keep  the 
temperature  constant ;  to  guard  farther  from  variations  in  temperature 
the  tube  was  covered  with  cotton  wadding.  With  these  precautions 
three  experiments  were  made  (Table  I,  Nos.  1,  2 ,  3),  the  result  being 
that  the  total  change  was  nearly  doubled.  In  all  the  other  experi- 
ments the  method  was  slightly  varied,  the  lactin  being  placed  in  a 
bottle  with  a  ground  glass  stopper,  60  cub.  centims.  water  placed  on 
it,  and  the  whole  shaken  vigorously  at  intervals  for  half  an  hour, 
filtered,  and  the  first  observation  taken  as  before.  Each  experi- 
ment extended  over  six  hoars,  and  included  ten  observations.  For 
each  observation  three  or  four  readings  were  made,  and  the  average 
taken.  In  Nos.  4,  5,  6,  7,  8,  9,  13,  14,  15,  16,  17,  18,  19,  20,  of  the 
accompanying  table,  varying  weights  of  sodic  and  potassic  chloride 
were  introduced.  In  every  experiment  the  thermometer  was  read  at 
the  same  time  with  the  rotation ;  and  the  average  temperature,  as 
well  as  its  extreme  variation,  is  given  in  the  table.  That  the  different 
experiments  might  be  compared,  we  have  expressed  them  by  the 
equation — 

in  which  y  is  the  angle  of  rotation,  x  the  time  in  half -hours,  counting 
from  the  first  contact  of  the  lactin  with  water,  and  a,  &,  and  c,  are 
constants.  The  values  of  a,  &,  and  c,  were  calculated  by  the  method 
of  least  squares. 

In  Table  II  are  given  the  equations,  accompanied  by  the  probable 
*  error  of  a  single  comparison  of  the  calculated  and  experimental  values 
of  y.    The  sum  of  the  d:  actual  errors  is  in  nearly  all  cases  zero. 
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Table  II. 


mber. 

Equation.                                   Probable  error. 

1     .... 

y=13  -9002- 

•48543a;+  •014330a!»     . . . . 

.      -0315 

2     .... 

i/=14-1325- 

•56919^+ -01 7755aj»    .... 

•0423 

3     .... 

y=13  -6284- 

•49476«+ •014629aj»    ..., 

.      '0323 

4    .... 

y=15  -4100- 

•62775* -I-  •021712aj«     .... 

•0316 

5           ..e. 

y=14-6188- 

•49366aj+  •013833aj«     • . . . 

•0173 

6     .... 

y = 15 -0692- 

71727aj-|- •026959aj«     .... 

•0519 

7    .... 

y=15  -1537- 

•60585aj-|- •019943aj«     ..., 

•0269 

8    .... 

y=15  1654- 

•54298aj-|- •016387aj«     ..., 

•0232 

9    w.. 

y=15  '8792- 

•58006aj+ •017402aj«     ..., 

•0263 

10    .... 

y=14  -5430- 

•56770JJ-I- •018459aj»    .... 

•0229 

11     .... 

i/=14-6154- 

•56240aj-|- •018388aj'     ..., 

.       0368 

12     .... 

2/=15  -3747- 

•66860aj-|-  •023514aj*     .... 

•0380 

13    .... 

y=18-2142- 

•65254i:+ •020109aj"     .... 

•0224 

14    .... 

y=16-6262- 

•6515525 -1- •020546aj«    .... 

•0313 

15    .... 

y=17  -2230- 

•6452125+  02044885*    .... 

•0227 

16    .... 

y = 14 -6339- 

•4823205-1- •013474**    .... 

•0177 

17    .... 

y=15  -5954- 

•5625235+ •017796aj*    ..., 

•0401 

18    .... 

y=16  -4546- 

•65417aj+ ^02214105*     ... 

.      ^0455 

19     .... 

y=17-5923- 

•58714fl5+ -01613125*    .... 

.      -0088 

20    .... 

y=14-9011- 

•45421aj+ •01205725*     .... 

.      -0255 

Bj  the  aid  of  these  equations  we  can  now  calculate  the  initial 
specific  rotation  of  lactin,  or  the  rotation  when  25=0  calculated  to  unit  of 
weight.    When  25=0,  y=a;  and  the  permanent  rotation  being  known, 

the  initial  specific  rotation  =  ; — .     The  following  are 

permanent  rotation 

the  values  found,  the  chloride  experiments  being  averaged  by  them- 
selves. 


Average  of  Nos.  1,  2,  3,  10, 11,  12 93 

„   Nos.  4,  5,  6   91 


)9 


„  Nos.  7,  8,  9    91 

„  Nos.  13, 14,  15 91 

„  Nos.  16,  17, 18 91 

Single  experiment,  No.  19 95 

No.  20 92 


}) 


>» 


»» 


>> 


)f 


•98 
•90 
•97 
•87 
•37 
•30 
•16 


Average  of  the  twenty  experiments,  92*'^63. 


On  differentiating  the  equations,  putting  -^=0,  and  calculating  the 

ax 

values  of  x  and  ^,  we  find  that  the  values  of  y  thus  got  do  not  corre- 
spond to  the  permanent  rotation,  but  are  always  greater;  showing 
that  the  change  in  rotatory  power  does  not  progress  according  to  the 
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same  law  thronghont,  but  that,  at  the  point  referred  to,  a  new  reaction 
begins.  This  value  of  y  is  proportional  to  the  amount  of  lactin  in 
solution,  indicated  bj  the  permanent  rotation ;  and  the  specific  rota- 
tion calculated  from  it  in  the  different  experiments  is  practically 
constant,  its  average  value  (from  twenty  experiments)  being  64^*8. 


»1AV  W  lllj^ 

EU.^    MliXy     TI»AU,CO 

"             dx 

-V. 

Table  III. 

No. 

X, 

y- 

Specific  rotation. 

1     ... 

...     16-937 

§789    ... 

. . .     66  • 

71 

2    ... 

. . .     16  -029 

...■••        9  -571     •  •  • 

. . .  ■  66 • 

14 

3     ... 

. . .     16  -910 

9-445    ... 

...     64' 

95 

4    ... 

. . ,     14  -4^6 

10-872     ... 

...     63 

42 

6    ... 

...     17-843 

10-214    ... 

...     65  ■ 

11 

6    ... 

.  . .     13  -308 

10-298    ... 

...     63 

31 

7    ... 

. . .     15  -189 

10-552    ... 

...     63 

91 

8    ... 

. . .     16  -567 

10-667    ... 

...     65 

63 

9    ... 

. . .     16  m^ 

11-045    ... 

...     63 

22 

10    ... 

...     15  -388 

10-178    ... 

...     64 

■20 

11    ... 

. . .      15  -292 

10  -315    . . . 

...     66 

39 

12    ... 

...     14-217 

10  -622    . .  . 

...     63 

63 

13    ... 

. . .     16  -225 

12-920     ... 

...     64 

■88 

U    ... 

. . .     15  -855 

11-461     ... 

...     63 

■57 

15    ... 

. . .     15  '776 

12-133    ... 

...     64 

•78 

16    ... 

...     17-898 

10-319     ... 

...     65 

41 

17     ... 

...     15-804 

11-149    ... 

...     65 

•06 

18    ... 

. . .     14  -772 

11-622     .., 

...     63 

•79 

19     ... 

. . .     18  -199 

12-250    ... 

...     66 

•36 

20    ... 

. . .     18  -836 

10-624    ... 

....     65 

•71 

This  break  in  the  change  seems  to  point  to  the  dual  nature  of  lactin 
mentioned  by  Fadakowski,*  whose  experiments  show  that  lactin,  like 
cannose,  gives  two  glucoses — lacto  glacose  and  galactose. 

An  increase  of  temperature  evidently  hastens  the  change ;  but  the 
exact  relation  of  temperature  to  the  rate  of  chamge  has  not  been  dis- 
covered. 

The  presence  of  sodic  or  potassic  chloride  increases  the  amount  of 
lactin  in  solution,  but  has  no  apparent  effect  on  the  rate  of  change. 

rV.  Action  of  Ilydric  Nitrate  on  Lactin. — We  made  an  attempt  to 
trace  this  action,  bat  did  not  succeed  in  overcoming  experimental 
difficulties.  The  first  of  these  was  the  impossibility  of  completing  the 
action  with  the  quantity  of  acid  required  for  the  first  change.     If  a 

•  "  Deat.  Chem.  Gee.  Ber.,"  ix,  42-44. 
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l&rger  quantity  of  acid  were  used,  the  firetcbangeB  were  so  rapid  aa  to 
erade  measnremeiit ;  moreover,  tbeoxalic  aoidfenned,  bj  orfBtalliirog 
is  the  acid  liquid,  made  accurate  obserration  impossible.  Bj  adding 
the  acid  in  small  BncceBBive  portions,  we  neTertheless  snooeeded  in 
obtaining  an  ontline  of  the  reaction,  of  which  the  oarve  drawn  below 
is  an  accurate  general  expression. 


Dnbnmfant,  who  has  also  examined  tbia  action,*  aeaerts  that  the 
rotator;  power  first  risee  to  \^  of  the  original  amonnt,  then  fUls 
gradoall;  to  zero,  again  rises  to  J  of  the  original  rotation,  and  oaco 
more  falls  to  zero:  the  highest  rotation  corresponding  to  galactose, 
the  first  point  of  Inactivity  ia  mncic  acid ;  the  second  rise  probably  to 
deztro-tartaric  acid ;  and  the  second  fall  to  the  formation  of  oxalic 
acid.  Our  experitnenta  show  the  formation  of  a  Isevo-rotatory  sub- 
stance,  perhaps  bevo-tartario  acid.  The  general  form  of  the  curve 
oonstitntes  it  an  interesting  and  novel  addition  to  chemical  cnrves. 

V.  Note  on  Solubility. — The  mutual  relations  of  water  and  lactin  in 
Solution  undergo  a  change  npon  which  the  change  of  rotation  most 
probably  depends.  Water  shaken  witb  a  large  quantity  of  very  finely 
powdered  lactin  at  a  temperatare  of  17°  C,  takes  up  a  qnantity  of 
lactin  corresponding  to  a  solability  of  1  part  lactin  in  1064  parts 
water.  Witii  four  hours'  contact,  the  solability  increases  to  1  part 
lactin  in  749  parts  water.  The  permanent  solubility  got  by  the 
analysis  of  tke  mother-liqnor  of  Jactin  crystalliEed  over  oil  of  vitriol  is 
.1  part  lactin  in  3'23  parts  water.  In  the  solntion  of  the  lactin  a  fall 
of  temperature  of  0°'45  C.  was  observed.  Pohlt  also  found  a  do- 
preosion  of  temperature  (0°'88  C.) ;  while  Dnbnmfant  alleges  that 
heat  is  evolved. 

Condutiont. 

I.  The  initial  specific  rotation  of  lactin  is  92°-63. 
n.  The  permanent  specific  rotation  of  lactin  is  59'''17. 
•  "  Otnnpt.  rend.,"  xlii,  2t8.  t  "  Jonni.  Pr.  Cham.,"  lisiii,  IH. 
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in.  The  change  of  rotation  of  a  solation  of  laotin  can  be  expressed 
hj  a  mathematical  equation. 

IV.  When  the  specific  rotation  64i°'8  is  reached,  the  law  of  change 
must  be  expressed  by  a  different  equation. 

v.  The  initial  solubility  of  lactin  is  1  part  lactin  in  10*64  parts 
water. 

YI.  The  permanent  solubility  is  1  part  lactin  in  3*23  parts  water. 


IV.  "On  the  Microrheometer.'*  By  J.  B.  Hannay,  F.R.S.E., 
P.C.S.,  lately  Assistant  Lecturer  on  Chemistry  in  the  Owens 
College,  Manchester.  Communicated  by  H.  E.  RoscOE, 
LL.D.,  F.R.S.,  Professor  of  Chemistry  in  the  Owens  Col- 
lege, Manchester.     Received  December  11,  1878. 

(Abstract.) 

In  this  paper  the  author  reviews  the  work  done  by  chemists  and 
physicists  in  determining  the  relation  between  the  chemical  composi- 
tion of  a  liquid  and  its  rate  of  flow  through  a  capillary  tube.  Poiseuille* 
ascertained,  in  a  very  accurate  manner,  all  the  physical  laws  relating 
to  the  rate  of  flow,  as  regulated  by  temperature,  pressure,  and  dimen- 
sions of  the  tube ;  but  on  examining  saline  solutions  he  could  make 
nothing  of  the  numbers  presented,  because  he  used  percentage  solutions 
instead  of  solutions  proportional  to  the  equivalent  of  the  body  dissolved. 
Ghraham,'!'  noticing  that  Poiseuille  had  discovered  a  hydrate  of  alcohol 
by  running  various  mixtures  of  alcohol  and  water  through  the  tube, 
examined  mixtures  of  the  various  acids  with  water,  and  found  that  the 
hydration  proceeded  by  distinct  steps  of  multiple  proportions.  Several 
others,  notably  Guerout,|  have  since  worked  on  the  same  subject,  but 
as  they  have  only  worked  on  organic  liquids,  and  have  done  all  the 
rates  at  the  same  temperature,  the  results  throw  no  light  on  the  phe- 
nomena. Thus  water  runs  about  Ave  times  as  quickly  at  100**  as  at 
0° ;  and  in  a  series  of  alcohols,  such  as  Qnerout  experimented  upon, 
the  differences  between  their  boiling  points  were  very  great,  so  that, 
their  vapour  tensions  or  molecular  mobilities  being  quite  incomparable 
while  at  the  same  temperature,  the  experiments  do  not  admit  of  any 
real  interpretation.  The  author  reserves  the  organic  part  of  the  in- 
vestigation, which  requires  the  determination  of  vapour  tensions,  till 
a  future  paper,  and  in  the  present  deals  vnth  saline  solutions. 

The  phenomenon  of  the  flow  of  liquids  through  capillary  tubes  has 

•  "  Ann.  de  Chim.  et  de  Physique,"  [3],  t.  vii,  60. 

t  "  Phil.  Trans.,"  1861,  p.  373. 

{  "  Comptes  rendus,"  Ixxix,  p.  1201 ;  Ixxxi,  p.  1025. 
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been  called  in  this  country  transpiration,  while  in  other  countries  no 
distinct  name  has  been  adopted  ;  and  as  the  English  word  is  already 
in  use  in  French  for  another  purpose,  and  properly  applies  to  gases 
(the  laws  relating  to  which  are  quite  dilEerent),  the  author  proposes 
to  use  for  liquids  the  term  *'  Microrheosis,"  from  fitxpot  and  /xiu,  the 
instrument  being  called  the  microrheometer.  The  form  of  apparatus 
which  the  author  finally  adopted  is  figured  in  the  paper,  and  is  so 
arranged  that  when  the  liquid  is  introduced,  as  many  experiments  as 
may  be  desired  may  be  tried,  and  the  pressure  and  temperature,  as 
well  as  the  atmosphere  in  which  the  experiment  is  conducted,  may  be 
varied,  while  the  thermometer  indicating  the  temperature  is  at  the 
mean  point  of  the  system.  The  author  gives  a  curve  for  water  from 
0°  to  100°,  the  differences  of  rate  being  smaller  as  the  temperature 
rises. 

Various  salts  are  then  examined,  being  dissolved  to  form  ''  normal  '* 
solutions ;  but  as  the  solubility  of  some  salts  is  too  low  for  such  solu- 
tions, the  effect  of  the  amount  of  salts  dissolved  is  determined.  This 
is  found  to  be  directly  proportional  to  the  amount  of  salt  in  solution. 
Values  for  many  salts  in  solution  are  then  given,  each  number  being 
the  mean  of  ten  experiments,  and  the  probable  error  of  the  mean  is 
calculated  in  each  case.  The  conclusions  arrived  at  are  these.  The 
rate  of  flow  does  not  depend  on  any  of  the  "  mechanical  "  features  of 
the  salt,  such  as  crystalline  form,  specific  volume,  solubility,  &c, ;  but 
upon  the  mass  of  the  elements  forming  the  substance  and  the  amount 
of  energy  expended  in  its  formation.  Each  element  has  a  value  of  its 
own,  which  is  continued  in  all  its  compounds.  Thus  all  the  salts  of 
potassium  and  sodium  formed  by  the  same  acids  have  a  constant  diffe- 
rence. In  like  manner  each  metalloid  and  acid  radicle  has  a  value 
which  is  continued  in  all  its  combinations.  Then  the  greater  the  com- 
bining value  of  an  element  the  quicker  is  its  microrheosis ;  thus 
potassium  has  a  higher  rate  than  sodium,  barium  than  strontium, 
strontium  than  calcium,  and  so  on.  The  microrheosis  also  varies  with 
the  amount  of  energy  in  the  compound ;  thus  nitrates  stand  highest, 
as  they  contain  most  energy ;  then  chlorides ;  and,  lastly,  sulphates, 
which  are  exhausted  compounds. 

The  instrument,  bringing  to  light  as  it  does  the  fundamental  rela- 
tions of  combining  weight  and  energy  in  chemical  action,  will  be 
of  the  utmost  importance  in  chemical  physics,  as  by  its  use,  not 
only  will  the  amoxmt  of  energy  evolved  in  reactions  be  determined,  but 
the  mass  combined ;  or,  in  other  words,  the  chemical  equivalent  of  the 
elements  involved  will  be  found. 
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V.  ''Limestone  as  an  Index  of  Geological  Time."  By  T. 
Mellard  Reade,  C.E.,  F.G.S.,  F.R.I.B.A.  Communicated 
by  A.  C.  Ramsay,  D.C.L.,  F.R.S.,  Director-General  of  the 
Geological  Survey  of  the  United  Kingdom.  Received 
December  24,  1878. 

(Abstract.) 

The  geological  history  of  the  globe  is  written  only  in  its  sedi- 
mentary strata,  but  if  we  trace  its  history  backwards,  unless  we 
assume  absolute  uniformity,  we  arrive  at  a  time  when  the  first  sedi- 
ments  resulted  from  the  degradation  of  the  original  crust  of  the 
globe. 

There  is  no  known  rock  to  which  a  geologist  could  point  and  say 
*'  that  is  the  material  from  which  all  sedimentary  rocks  have  been 
derived,"  but  analogy  leads  us  to  suppose  that  if  the  earth  had  an 
igneous  origin,  the  original  materials  upon  which  the  elements  first 
began  to  work  were  of  the  nature  of  granite  or  basalt. 

From  a  variety  of  considerations  drawn  from  borings,  mines,  faults, 
natural  gorges  and  proved  thicknesses  of  the  strata  of  certain  moun- 
tain chains,  the  author  arrives  at  the  conclusion  that  the  sedimentary 
crust  of  the  earth  is  at  least  of  an  average  actual  thickness  of  one 
mile,  and  infers  from  the  proportionate  amount  of  carbonates  and 
sulphates  of  lime  to  materials  in  suspension  in  various  river  waters 
flowing  from  a  variety  of  formations,  that  one-tenth  of  the  thickness 
of  this  crust  is  calcareous. 

Limestone  rocks  have  been,  geology  tells  us,  in  process  of  formation 
from  the  earliest  known  ages,  but  the  extensive  series  of  analyses  of 
water  made  by  Dr.  Frankland  for  the  Rivers  Pollution  Commission, 
shows  that  the  later  strata  in  Great  Britain  are  much  more  calcareous 
than  the  earlier.  The  same  holds  true  of  the  continent  of  Europe, 
and  the  balance  of  evidence  seems  in  favour  of  the  supposition  that 
there  has  been  on  the  whole  a  gradual  progressive  increase  or  evolu- 
tion of  lime.  The  "  Challenger  '*  soundings  show  that  carbonate  of 
lime  in  the  form  of  tests  of  organisms  is  a  general  deposit  character- 
ising the  greater  part  of  the  ocean  bottoms,  while  the  materials  in 
suspension  are,  excepting  in  the  case  of  transport  by  ice,  deposited 
within  a  distance  of  200  miles  of  land. 

This  wider  distribution  in  simce  of  lime,  the  author  thinks,  must  also 
profoundly  influence  its  distribution  in  h'me,  and  he  shows  this  by 
example  and  illustration.  It  can  also  be  proved  to  demonstration 
that  the  greater  part  of  the  ocean  bottom  must  at  one  time  or  «i\io\\ist 
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have  been  land,  else  the  rocks  of  the  continents  would  have  become 
gradually  less,  instead  of  more,  calcareous. 

Thus  the  arguments  drawn  from  the  geographical  distribution  of 
animals  are  reinforced  by  physical  considerations. 

The  author  goes  on  to  show  that  the  area  of  granitic  and  volcanic 
rocks  in  Europe  and  the  part  of  Asia  between  the  Caspian  and  the 
Black  Sea,  as  shown  in  Murchison's  map  of  Europe,  is  two-twenty- 
fifths  (^)  of  the  whole ;  much  of  this  is  probably  remelted  sediments 
and  some  of  the  granites  the  product  of  metamorphism. 

From  considerations  stated  at  length  it  is  estimated  that  the  area 
of  exposures  of  igneous  to  sedimentary  rocks  would  be  for  all  geo- 
logical  time  liberally  averaged  at  one-tenth  {-^)  of  the  whole. 

These  igneous  rocks  are  either  the  original  materials  of  the  globe 
protruded  upwards,  or  they  are  melted  sediments  or  a  mixture  of  the 
two. 

The  only  igneous  rocks  we  know  of  are  of  the  nature  of  granites 
and  traps.  If  these  rocks  do  not  constitute  the  substratum  of  the 
earth,  and  all  known  rocks,  igneous  as  well  as  sedimentary,  are  deriva- 
tive, either  geological  time  is  infinite,  or  the  rock  from  which  they 
are  derived  is,  so  far  as  we  know,  annihilated  geologically  speaking, 
and  we  have  no  records  of  it  left. 

If  we  assume  the  latter  as  true,  the  past  is  immeasurable,  but 
in  order  to  arrive  at  a  minimum  age  of  the  earth,  the  author  starts 
from  the  hypothesis  that  the  fundamental  rocks  were  granitic  and 
trappean. 

From  eighteen  analyses  by  Dr.  Frankland,  it  is  shown  that  the  water 
flowing  from  granitic  and  igneous  rock  districts  in  Ghreat  Britain  con- 
tains on  an  average  3*73  parts  per  100,000  of  sulphates  and  carbonates 
of  lime. 

The  amount  of  water  that  runs  ofE  the  ground  is  given  for  several 
of  the  great  continental  river  basins  in  Europe,  Asia,  lAfrica,  and 
America.  The  annual  depth  of  rain  running  off  the  granitic  and 
igneous  rock  areas,  taking  into  consideration  the  greater  height  at 
which  they  usually  lie  and  the  possibility  of  (s^reater  rainfall  in  earlier 
ages,  is  averaged  at  28  inches,  and  the  annual  contribution  of  lime  in 
solution  in  the  forms  of  carbonates  and  sulphates  at  70  tons  per 
square  mile. 

With  these  elements,  and  giving  due  weight  to  certain  physical 
considerations  that  have  been  urged  in  limitation  of  the  earth's  age, 
the  author  proceeds  to  his  calculations,  arriving  at  this  result,  that 
the  elimination  of  the  calcareous  matter  contained  in  the  sedimentary 
crust  of  the  earth  must  have  occupied  at  least  600  millions  of  years. 
The  actual  time  occupied  in  the  formation  of  the  groups  of  strata  as 
divided  into  relative  ages  by  Professor  Bamsay,  is  inferred  as 
follows : — 
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Millions  of  years. 

Laurentian,  Cambrian,  and  Silurian      200 

Old  Bed,  Carboniferous,  Permian,  and  New  Bed         200 
Jurassic,    Wealden,   Cretaceous,    Eocene,    Mi- 
ocene, Pliocene,  and  Post- pliocene     200 


600 


The  concluding  part  of  the  paper  consists  of  answers  to  objections. 
The  author  contends  that  the  facts  adduced  prove  geological  time  to 
be  enormously  in  excess  of  the  limits  urged  by  some  physicists,  and 
ample  to  allow  on  the  hypothesis  of  evolution  for  all  the  changes 
which  have  taken  place  in  the  organic  world. 


VI.  '*  Preliminary  Note  on  the  Substances  which  produee  the 
Chromospheric  Lines."  By  J.  NoRMAN  LOOKYER,  F.B.S. 
Eeceived  December  24,  1878. 

Hitherto,  when  observations  have  been  made  of  the  lines  visible  in 
the  sun's  chromosphere,  by  means  of  the  method  introduced  by  Janssen 
and  myself  in  1868,  the  idea  has  been  that  we  witness  in  solar  storms 
the  ejection  of  vapours  of  metallic  elements  with  which  we  are  familiar 
from  the  photosphere. 

A  preliminary  discussion  of  the  vast  store  of  observations  recorded 
by  the  Italian  astronomers  (chief  among  them  Professor  Tacchini), 
Professor  Young,  and  myself,  has  shovm  me  that  this  view  is  in  all 
probability  unsound.  The  lines  observed  are  in  almost  all  cases  what 
I  have  elsewhere  termed  and  described  as  haste  lines ;  of  these  I  only 
need  for  the  present  refer  to  the  following : — 

&3  ascribed  by  Angstrom  and  KirchofP  to  iron  and  nickel. 

o 

^4         „  Angstrom  to  magnesium  and  iron. 

5268  by  Angstrom  to  cobalt  and  iron. 

5269  „         „        calcium  and  iron.  * 
5235          „        „        cobalt  and  iron. 
5017           „         ,,        nickel. 


»>         >> 


4215  „         „        calcium,  but  to  strontium  by  myself. 

5416  an  unnamed  line. 

Hence,  following  out  the  reasoning  employed  in  my  previous 
paper,  the  bright  lines  in  the  solar  chromosphere  are  chiefly  lines 
due  to  the  not  yet  isolated  bases  of  the  so-called  elements,  and  the 
solar  phenomena  in  their  totality  are  in  all  probability  due  to  dissocia- 
tion at  the  photospheric  level,  and  association  at  higher  levels.     In 
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this  way  the  vertical  currents  in  the  solar  atmosphere,  both  ascending 
and  descending,  intense  absorption  in  snn-spots,  their  association  with 
the  f acnlaB,  and  the  apparently  continuous  spectrum  of  the  corona  and 
its  structure,  find  an  easy  solution. 

We  are  yet  as  far  as  ever  from  a  demonstration  of  the  cause  of  the 
variation  in  the  temperature  of  the  sun;  but  the  excess  of  so-called 
calcium  with  minimum  sun-spots,  and  excess  of  so-called  hydrogen 
with  maximum  sun-spots  follow  naturally  from  the  hypothesis,  and 
afford  indications  that  the  temperature  of  the  hottest  region  in  the 
sun  closely  approximates  to  that  of  the  reversing  layer  in  stars  of  the 
type  of  Sirius  and  a  Lyrse. 

If  it  be  conceded  that  the  existence  of  these  lines  in  the  chromo- 
sphere indicates  the  existence  of  basic  molecules  in  the  sun,  it  follows 
that  as  these  lines  are  also  seen  generally  in  the  spectra  of  two  different 
metals  in  the  electric  arc,  we  must  be  dealing  with  the  bases  in  the 
arc  also. 


JantMry  30,  1879. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "  On  the  Effect  of  Heat  on  the  Di-iodide  of  Mercury,  Hglj." 
By  G.  F.  RoDWELL,  Science  Master,  and  H.  M.  Elder,  a 
Pupil,  in  Marlborough  College.  Communicated  by  Pro- 
fessor Tyndall,  F.R.Sm  Professor  of  Natural  Philosophy  in 
the  Royal  Institution.     Received  January  9,  1879. 

In  continuation  of  the  experiments  on  the  effects  of  heat  on  the 
chloride,  bromide,  and  iodide  of  silver,  which  odc  of  us  has  previously 
had  the  honour  of  communicating  to  the  Society,*  it  was  thought  to 
be  advisable  to  search  in  some  of  the  other  metallic  iodides  for  mole- 
cular anomalies  similar  to  those  presented  by  the  iodide  of  silver. 
Among  these  no  substance  appeared  more  likely  to  possess  such 
anomalies  than  the  di-iodide  of  mercury.  This  substance,  as  is  well 
known,  is  dimorphous.  In  the  amorphous  condition  it  presents  the 
appearance  of  a  brilliant  scarlet  powder,  which,  if  heated,  fuses  at 
200*^  C,  and  volatilises  just  above  the  fusing  point  to  a  vapour  more 

•  "  Ppoc.  Boy.  Soc,"  toI.  xxt,  p.  280. 
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than  twice  as  dense  as  that  of  mercniy.  The  vaponr  condenses  to 
rhombic  prismatic  crystals,  which  frequently  become  scarlet  while 
cooling,  but  which,  if  they  still  remain  yellow  when  cold,  instancy 
become  scarlet  if  rubbed  or  otherwise  mechanically  agitated.  Accord- 
ing to  Warington  this  change  is  due  to  the  transformation  of  the 
rhombic  prisms  into  acute  square-based  octohedrons  with  tinincated 
summits.  If  the  yellow  prismatic  crystals  are  placed  under  the 
microscope,  and  are  then  touched,  the  change  to  the  red  variety  may 
be  observed  to  go  on  through  the  mass  of  contiguous  crystals,  accom- 
panied  by  a  slight  movement,  but  the  external  form  of  the  crystals 
remains  unchanged,  consequently  pseudomorphous  crystals  are  pro- 
duced, and  the  larger  rhombic  prisms  have  been  resolved  into  a  mass 
of  minute  octohedrons.  Frankenheim  asserts  that  by  the  application 
of  a  very  gentle  heat,  both  the  red  and  the  yellow  crystals  may  be 
sublimed  together,  and  he  believes  that  the  vapour  of  the  yellow 
crystals  passes  o£E  at  a  lower  temperature  than  that  of  the  red. 
Warington  found,  that  the  precipitate  produced  by  iodide  of  potas- 
sium in  chloride  of  mercury,  appeared  under  the  microscope  to  be 
composed  of  rhombic  laminee,  which  gradually  altered  their  form  by 
the  truncation  of  the  edges,  until  they  disappeared,  while  square- 
based  octohedrons  were  produced  in  their  place. 

The  iodide  is  clearly  capable  of  existing  in  two  crystalline  forms 
belonging  to  different  systems,  and  of  passing  from  the  one  form  to 
the  other,  either  by  diminution  of  temperature  or  by  simple 
mechanical  means.  Such  a  substance  would  seem  to  be  likely  to 
possess  peculiarities  in  its  modes  of  expansion  under  the  influence  of 
heat.  In  order  to  test  this  the  iodide  was  submitted  to  the  same 
experimental  treatment  as  that  employed  in  the  case  of  the  iodide  of 
silver,  and  previously  described  in  detail. 

Homogeneous  rods  of  the  iodide  of  mercury  were  heated  in  paraffine 
in  the  expansion  apparatus  described  and  figured  in  the  previous  paper, 
and  the  extent  of  expansion  due  to  a  given  range  of  temperature  was 
noted.  The  apparatus  was  standardised  by  means  of  a  rod  of  fine 
homogeneous  silver.  The  same  micrometer,  reading  to  s6&06^^  ^^  ^^ 
inch,  was  employed,  and  the  mode  of  conducting  the  experiments  was 
precisely  the  same  as  in  the  case  of  the  iodide  of  silver.  Two  slight 
changes  were  made  in  the  apparatus  however : — the  one  consisted  in 
the  substitution  of  a  massive  stone  base  for  the  wooden  one  hitherto 
used ;  and  the  other  the  replacement  of  the  glass  rods  moving  in 
stuffing  boxes,  by  curved  equal-armed  levers  moving  over  the  rim  of 
the  trough,  by  which  means  the  leakage  of  hot  paraffine  at  the  stuff- 
ing boxes  was  prevented. 

Bars  of  the  iodide  of  mercury  were  cast  in  clean  glass  tubes,  and 
here  at  the  outset  the  experimental  difficulties  commenced.  For  not 
only  was  it  difficult  to  obtain  a  homogeneous  rod,  on  account  of  the 
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volatilisation  of  the  iodide  at  a  temperature  slightly  exceeding  its 
melting  point,  but  the  rod  when  cold  was  found  to  be  so  brittle  that 
it  usually  broke'in  the  attempt  to  remove  the  glass  envelope  from  the 
outside.  Eventually  good  rods  were  procured  by  slowly  melting  the 
iodide  in  thin  glass  tubes  and  annealing  in  hot  paraffinc.  When  the 
whole  was  cold  the  glass  was  cut  on  the  outside,  and  carefully  broken 
off  the  ends  of  the  rod,  which  were  sawed  plane  by  a  fine  steel  saw, 
and  then  furnished  with  metal  caps,  and  the  rod  was  placed  between 
the  levers  of  the  expansion  apparatus.  After  heating  the  bar  once  or 
twice  in  paraffino  to  a  temperature  approaching  its  melting  point, 
longitudinal  rifts  appeared  in  the  glass  envelope,  which  was  then 
easily  removed,  leaving  a  clean  homogeneous  rod  of  the  iodide. 

On  heating  a  mass  of  the  crimson  amorphous  iodide,  it  turns  yellow 
at  126°  C,  and  just  before  the  melting  point  is  attained  the  yellow 
changes  to  a  deep  red-brown.  The  liquid  resulting  from  the  fusion 
has  the  appearance  of  liquid  iodide  of  silver,  that  is  to  say,  it  has  the 
exact  colour  of  bromine.  The  liquid  when  cooled  solidifies  to  a  red- 
brown  solid  which  speedily  becomes  yellow,  and  at  126°  C.  it  changes 
to  the  crimson  octohedral  variety.  Distinct  cracking  sounds,  due  to 
inter-molecular  movements,  were  heard  during  the  continnanoe  of  the 
change.  Heat  is  absorbed  when  the  red  iodide  change  to  yellow,  and 
is  given  out  when  the  yellow  iodide  changes  to  the  red. 

A  bar  of  the  iodide  was  placed  in  the  expansion  apparatus,  melted 
paraffine  was  poured  upon  it,  and  when  the  index  had  become  quite 
steady,  a  gentle  heat  was  applied  to  the  paraffine.  The  index  showed 
a  regular  and  slow  expansion  until  a  temperature  of  126°  C.  was 
reached,  when  the  bar  began  to  change  from  the  octohedral  to  the 
prismatic  condition,  and  without  further  rise  of  temperature  rapid 
expansion  took  place.  The  temperature  was  kept  constant  until  the 
change  was  complete,  and  was  then  slowly  raised.  A  regular  expan- 
sion now  took  place  under  a  higher  coefficient  than  before  the  mole- 
cular change,  and  this  continued  until  the  melting  point  was  attained. 
The  results  were  concordant. 

The  expansion  in  passing  from  the  solid  to  the  Hquid  condition  was 
determined  by  weighing  mercury  in  a  tube,  and  afterwards  filling  it 
to  the  same  height  with  fused  iodide.  The  specific  g^vitj  of  each 
substance  being  known,  and  the  weight  of  equal  volumes,  the  expan- 
sion could  obviously  be  readily  determined. 

The  coefficient  of  cubical  expansion  for  1°  C.  from  0°  0.  to  the 
point  of  change — 126"^  C. — was  found  to  be: — 

•0000344706. 

At  126°  C,  during  the  change  from  the  red  octohedral  to  the  yeUow 
prismatic  condition,  the  body  increased  in  bulk  to  the  extent  of : — 

•00720407. 
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The  coefficient  of  cabical  expansion  for  1°  C.  from  126°  C,  after 
tlie  change  to  the  melting  point  200°  C,  was 

■0001002953. 
ThoB,  if  we  suppose  a  molten  masB  of  the  iodide  of  mercury  to  be 
cooling  down  from  200°  C.  to  0°  C,  the  following  would  be  the 
volumes  under  the  conditions  indicated : — 


Volnme  at  200"  C.  of  the  liquid  mass 


solid 

126°  C.  (yellow  prismatic  condition)  =  1 

„  (red  octohedral  condition)      =  1 

0°C =1 


■1191147 
■0190453 
■0115378 
■0043337 

■0000000 


The  changes  are  shown  at  one  view  in  the  accompanying  curve 
table,  in  which  the  expansion  of  mercury  is  given  for  comparison. 


According  to  Sohiff  the  specific  gravity  of  the  octohedral  iodide  is 
&'91 ;  while  Karaten  makes  it  62009,  and  BouUay  6-320. 
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Two  distinct  specimens  with  which  we  worked  gave  respectively — 

(1).  C>-3004 
(2).  G  -2041 

The  specific  gravity  of  the  fused  iodide  was  found  by  the  method 
before  described  to  be 

5  -2805. 

Thus  the  specific  gravities  corresponding  to  the  five  marked  con- 
ditions shown  in  the  cui^ve  table  are  as  follows : — 

Specific  gravity  at  0°  C =6  '297 

126"  C.  (octohedral  condition)  =  6  '276 
(prismatic  condition)    =■  6  '225 

200°  C.  solid    =  6-179 

liquid =5  -286 


?>  »»  »> 
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II.  "  A  Comparifion  of  the  Variations  of  the  Diurnal  Range  of 
Magnetic  Declination  as  recorded  at  the  ObservatorioB  of 
Kew  and  Trevandrum."  By  liALFOUR  Stewart,  F.B.Sm 
Professor  of  Natural  Philosophy  in  Owens  College,  Man- 
chester, and  MoRiSABRO  HiRAOKA.  Kcceived  January  10, 
1879. 

In  a  previous  paper  by  one  of  the  authors  ("Proc.  Roy.  See.," 
vol.  xxvi,  p.  102)  a  table  is  given  (Table  II)  exhibiting  monthly  means 
of  the  Kew  diurnal  declination-nmge,  corresponding  to  forty-eight 
points  in  each  year,  or  four  for  each  mouth,  that  is  to  say,  approxi- 
mately one  every  week ;  and,  in  another  paper  ("  Proc.  Roy.  Soa," 
vol.  xxvii,  p.  81),  another  similar  table  exhibits  monthly  meaxm  of 
the  Trevandrum  diurnal  declination -range  for  weekly  points.  In  the 
present  paper  these  two  tables  are  compared  together. 

It  became  obvious  to  the  >vriters,  when  engaged  in  making  this 
comparison,  that  the  turning  points  in  the  curve,  which  represented 
the  variations  of  the  Kew  declination-range,  were  on  the  whole  in 
point  of  time  before  the  corresponding  points  in  the  Trevandrum 
curve. 

"While  this  result  might  have  been  rendered  evident  by  making  the 
numbers  of  the  tables  above-mentioned  at  once  into  curves,  yet  it  was 
found  to  become  more  apparent  to  the  eye  and  freer  from  inequalities 
by  adopting  a  certain  amount  of  equaHzatif)n. 

Accordingly,  the  Kew  and  Trevandrum  tables  were  transformed 
into  others,  with  the  same  time-interval  between  their  numbers  as  in 
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the  originsla  i  but  each  nomber  in  the  transformed  table  being  the 
mwo  of  nine  oonsecntire  nnmben  in  the  original  table.  Carres  were 
then  plotted  from  these  tmnsformed  tables.  In  the  diagrams  attached 
to  this  paper,  these  eqoalized  carves  are  compared  together  for 
the  two  observatories,  Ggs.  1  and  3  giving  the  Kew  carves,  and 
figs.  2  and  4  tboae  for  Trevondnun.  Points  in  the  two  cnrves,  which 
are  supposed  to  correspond,  are  represented  hj  similar  letters  of  the 
alphabet. 


A  comparison  of  these  cnrves  appears  to  lead  to  the  following  con- 
clnsiona : — 

(1.)  Gencitdly  speaking,  maximum  points  or  risings  in  the  one 
carve  mnst   be   associated  with  moiimnm  points  or  risings  in  the 
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other,  rather  than  with  minimum  points  or  depressions.  Indeed,  the 
researches  of  Bronn  and  others,  from  a  different  point  of  view, 
strengthen  this  conclusion,  which  is,  however,  abundantly  supported 
by  a  glance  at  the  curves  themselves ; 

(2.)  The  oscillations  of  the  Trevandrum  curve  are  greater  than 
those  of  the  Kew  curve  ; 

(3.)  In  many  cases  where  there  is  a  want  of  striking  likeness 
between  the  oscillations  of  the  two  curves,  there  are  yet  noticeable 
traces  in  the  one  curve  corresponding  to  the  oscillations  of  the  other. 
There  are,  however,  a  few  cases  where  there  is  a  want  of  apparent 
likeness. 

(4.)  In  general,  though  not  invariably,  the  oscillations  of  the 
Trevandrum  curve  follow  rather  than  precede,  the  corresponding 
oscillations  of  the  Kew  curve.  This  will  be  perceived  from  the 
following  numerical  estimate  :— 


Table  I. — Exhibiting  the  lagging  behind  of  the  Trevandrum  Curve  in 

Point  of  Time. 

Treyandnim  minus 
Oscillations.  Kew  in  days. 

1858  ......         a        +15 

h         +80 

1859        c         +11 

d        +32 

e         +   8 

/         +11 

9         -13 

h  '     -30 

1860        i         -11 

k        -  8 

I +40 

1861         m       w....  +19 

n        0 

1862         o         +25 

1863         p         +11 

q         +21 

r  +25 

1864         8         -11 


Mean +  9  7  days. 


We  venture  to  present  the  evidence  in  its  present  form,  but  forbear, 
in  the  meantime,  to  discuss  the  subject  at  greater  length. 
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in.  *'  On  the  Detenniuation  of  the  Kate  of  Vibration  of  Timing 
Forks."  By  Herbert  McLeod,  F.C.S.,  and  George. 
Sydenham  CLiVRKE,  Lieut.  R.E.  Communicated  by  Lord 
Rayleigh,  F.R.S.     Received  January  16,  1879. 

(Abstract.) 

• 

The  paper  contains  a  description  of  some  experiments  made  with 
a  view  to  determine  the  absolute  pitch  of  tuning  forks  by  means  of 
a  method  proposed  by  the  writers  in  a  previous  paper  (**  Proc.  Roy, 
See.,"  vol.  xxvi,  p.  162). 

It  conmiences  with  a  description  of  the  time  measurer  adopted,, 
consisting  of  a  compensated  pendulum,  worked  by  electricity,  the 
impulse  being  given  by  a  driver  depending  for  its  action  on  gravity 
alone.  The  pendulum  is  arranged  to  give  second  contacts,  driving  a 
clock  wheel  with  sixty  teeth.  This  wheel  has  a  platinum  pin  giving 
minute  contacts,  but  it  is  used  merely  as  a  switch,  the  circuit  being 
closed  by  the  pendulum  itself.  The  current  works  a  relay,  and  closes 
the  circuit  required. 

The  tuning  fork  apparatus  consists  of  a  brass  drum  resting  on 
friction  wheels,  and  driven  by  a  weight  and  train.  Uniformity  of 
motion  being  of  great  importance,  an  air-regulator,  consisting  of  a  fan 
enclosed  in  the  lower  compartment  of  a  cylindrical  box,  is  employed. 
By  means  of  a  diaphragm  and  vanes  the  fan  can  be  made  to  do  more 
or  less  work  by  pumping  air  from  the  lower  into  the  upper  compart- 
ment. The  fan  spindle  carries  a  pulley  driven  by  a  thread  passing 
round  the  drum. 

Round  one  end  of  the  drum  are  wrapped  strips  of  paper  on  which 
white  equidistant  lines  have  been  so  ruled  that  they  are  parallel  ta 
the  axis  of  the  drum  when  the  strips  are  in  position.  The  strip  most 
frequently  used  has  486  lines  round  the  complete  circumference  of  the 
drum.  Opposite  this  graduated  strip  is  placed  a  microscope  with  its 
axis  horizontal.  In  the  substage  is  placed  a  2"  objective,  producing 
an  image  of  the  graduations  at  the  focus  of  the  object-glass  of  the 
instrument.  At  the  common  focus  of  the  two  lenses  is  placed  the 
tuning  fork,  the  stem  of  which  is  held  vertical  in  a  vice.  The  fork  is- 
partially  enclosed  in  a  glass  case,  and  is  so  adjusted  that  the  image 
of  one  of  its  limbs  seems  to  cut  the  image  of  the  graduations  at  right 
angles.  The  f  ork  is  set  in  motion  by  a  suspended  double-bass  bow. 
If  when  the  fork  is  in  vibration  the  drum  is  made  to  rotate  with  such 
a  velocity  that  one  of  the  graduations  passes  over  the  interval  between 
two  adjacent  graduations  in  the  time  of  one  vibration  of  the  fork,  a 
stationary  wave  is  seen  of  length  equal  to  the  length  of  that  interval. 
To  determine  the  number  of  vibrations  of  the  fork  in  a  given  time,  it 
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is  only  necessary,  therefore,  to  be  able  to  count  the  number  of  gradua- 
tions which  pass  in  that  period.  As  a  perfectly  uniform  rotation  has 
not  been  obtained,  a  regulator  under  the  control  of  the  operator  is 
employed.  This  consists  merely  of  a  piece  of  string  which  passes 
round  the  axis  of  the  drum,  and  also  round  a  pulley  which  can  be 
turned  by  the  operator's  left  hand.  An  upward  or  downward  motion 
of  the  wave  denotes  that  the  drum  is  going  too  fast  or  too  slow,  and 
by  means  of  the  pulley  a  gentle  check  or  acceleration  sufficient  to  keep 
the  wave  steady  is  given  to  the  drum. 

An  electric  counter  gives  the  number  of  complete  revolutions  accom- 
plished by  the  drum  in  any  given  period,  and  a  fine-pointed  tube, 
containing  magenta,  is  carried  by  a  saddle  above  the  drum,  and  being 
actuated  by  an  electro-magnet,  makes  a  dot  on  a  piece  of  white  paper 
wrapped  round  the  drum  at  the  beginning  and  end  of  the  experiment. 
The  distance  apart  of  these  dots  gives  the  additional  fraction  of  a  revo- 
lution accomplished  by  the  drum  during  the  period  of  the  experiment. 
Electric  circuits  are  so  arranged  that  a  reverser  turned  a  few  seconds 
before  the  minute  at  which  it  is  intended  to  begin  the  experiment, 
causes  a  current  to  be  sent  exactly  at  that  minute  by  the  clock  relay, 
which  starts  the  electric  counter,  and  also  makes  a  dot  on  the  drum. 
Just  before  the  expiration  of  the  last  minute  of  the  experiment,  the 
reverser  is  turned  in  the  opposite  direction,  and  at  the  expiration  of 
that  minute  the  counter  is  stopped,  and  a  second  mark  made  on  the 
drum. 

Some  of  the  results  obtained  with  different  forks  are  given. 

The  results  of  further  exp  eriments  made  to  determine  the  effect  of 
temperature,  of  continuous  and  intermittent  bowing,  and  of  the  mode 
of  fixing  the  forl^  are  appended. 

An  optical  method  by  which  two  slightly  dissonant  forks  may  be 
•compared  without  altering  the  period  of  either,  is  described. 

Figures  and  diagrams  fully  explaining  the  apparatus  employed, 
accompany  the  paper. 


IV.  **  On  certain  means  of  Measuring  and  Regulating  Electric 
Currents."  By  C.  William  Siemens,  D.C.L.,  F.R.S.  Re- 
ceived January  16,  1879. 

[Plates  4,  5.] 

The  dynamo -electric  machine  furnishes  us  with  a  means  of  pro- 
ducing electric  currents  of  great  magnitude,  and  it  has  become  a 
matter  of  importance  to  measure  and  regulate  the  proportionate 
amount  of  current  that  shall  be  permitted  to  fiow  through  any  branch 
>circuit,  especially  in  such  applications  as  the  distribution  of  light  and 
izzechanical  force. 
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On  the  19th  of  June  last,  upon  the  occasion  of  the  Soir^  of  the- 
President  of  the  Royal  Society,  I  exhibited  a  first  conception  of  an 
ttrrangement  for  regulating  such  currents,  which  I  have  since  worked 
oat  into  a  practical  form.  At  the  same  time,  I  have  been  able  to 
realize  a  method  by  which  currents  passing  through  a  circuit,  or 
branch  circuit,  are  measured,  and'graphically  recorded. 

It  is  well  known  that  when  an  electric  current  passes  through  a 
conductor,  heat  is  generated,  which,'  according  to  Joule,  is  propor- 
tionate in  amount  to  the  resistance  of  the  conductor,  and  to  the 
square  of  the  current  which  passes  through  it  in  a  unit  of  time,  or 

H=C»R. 

I  propose  to  take  advanfcage  of  this  well-established  law  of  electro- 
dynamics, in  order  to  limit  and  determine  the  amount  of  current 
passing  through  a  circuit,  and  the  apparatus  I  employ  for  this  pur- 
pose is  represented  on  figs.  1  to  3,  Plate  4,  of  the  accompanying 
drawings.  Letters  of  reference  to  the  principal  parts  of  the  instru- 
ment are  given  on  the  foot-note  of  the  drawing. 

The  most  essential  part  of  the  instrument  is  a  strip  (A)  of  copper, 
iron,  or  other  metal,  rolled  extremely  thin,  through  which  the  cur- 
rent to  be  regulated  has  to  pass.  One  end  of  this  thin  strip  of  metal 
is  attached  to  a  screw  (B),  by  which  its  tension  can  be  regulated ;  it  then 
passes  upwards  over  an  elevated  insulated  pulley  (I),  and  down  again  to 
the  end  of  a  short  lever,  working  on  an  axis,  armed  with  a  counter- 
weight and  with  a  lever  (L),  whose  angular  position  will  be  mate- 
rially affected  by  any  small  elongation  of  the  strip  that  may  take 
place  from  any  cause.  The  apparatus  further  consists  of  a  number  of 
prisms  of  metal  (P),  supported  by  means  of  metallic  springs  (M),  so- 
regulated  by  movable  weights  (W)  as  to  insure  the  equidistant  posi- 
tion of  each  prism  from  its  neighbour,  unless  pressed  against  the 
neighbouring  piece  by  the  action  of  the  lever  (L),  in  consequence  of  a 
shortening  of  the  metallic  strip.  By  this  action,  one  prism  after 
another  would  be  brought  into  contact  with  its  neighbour,  until  the 
last  prism  in  the  series  would  be  pressed  against  the  contact  spring 
(S),  which  is  in  metallic  connexion  with  the  terminal  (T). 

The  current  passing  through  the  thin  strip  of  metal  will,  under 
these  circumstances,  pass  through  the  lever  (L)  and  the  line  of  prisms 
to  the  terminal  (T),  without  encountering  any  sensible  resistance.  A 
second  and  more  circuitous  route  is,  however,  provided  between  the 
lever  (L)  and  the  terminal  (T),  consisting  of  a  series  of  comparatively 
thin  coils  of  wire  of  German  silver  or  other  resisting  metal  (R,  R), 
connecting  the  alternate  ends  of  each  two  adjoining  springs,  the  first 
and  last  spring  being  also  connected  to  the  lever  (L)  and  terminal  (T) 
respectively. 

When  the  lever  (L)  stands  in  its  one  extreme  position,  as  shown  in 
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the  drawing,  the  contact  pieces  are  all  separate,  and  the  current  has 
to  pass  through  the  entire  series  of  coils,  which  present  sufficient 
aggregate  resistance  to  prevent  the  current  from  exceeding  the  desired 
limit. 

When  the  minimum  current  is  passing,  the  thin  metallic  strip  is 
at  its  minimum  working  temperature,  and  all  the  metallic  prisms 
tire  in  contact,  this  being  the  position  of  least  resistance.  As  soon 
as  the  current  passing  through  the  apparatus  shall  increase  in 
amount,  the  thin  metallic  strip  will  immediately  rise  in  temperature, 
which  will  cause  it  to  elongate,  and  will  allow  the  lever  (L)  to 
recede  ^m  its  extreme  position,  liberating  one  contact  piece  after 
another.  Each  such  liberation  will  call  into  action  the  resistance 
•coil  connecting  the  spring  ends,  and  an  immediate  corresponding 
diminution  of  the  current  through  increased  resistance;  addi- 
tional resistance  will  thus  be  thrown  into  the  circuit,  until  an 
equilibrium  is  established  between  the  heating  effect  produced  by  the 
current  in  the  sensitive  strip,  and  the  diminution  of  heat  by  radiation 
from  the  strip  to  surrounding  objects.  In  order  to  obtain  uniform 
results,  it  is  clearly  necessary  that  the  loss  of  heat  by  radiation  should 
be  made  independent  of  accidental  causes,  such  as  currents  of  air  or 
rapid  variations  of  the  external  temperature,  for  which  purpose  the 
strip  is  put  under  a  glass  shade,  and  the  instrument  itself  should  be 
placed  in  a  room  where  a  tolerably  uniform  temperature  of  say  15**  C. 
is  maintained.  Under  these  circumstances,  the  rate  of  dissipation  by 
radiation  and  conduction  (considering  that  we  have  to  deal  with  low 
degrees  of  heat)  increases  in  arithmetical  ratio  with  the  temperature  of 
the  strip ;  the  expansion  of  the  strip,  which  affects  the  position  of  the 
lever  (L),  is  proportionate  to  the  temperature  which  is  itself  propor- 
tionate to  the  square  of  the  current — a  circumstance  highly  favour- 
able to  the  sensitive  action  of  the  instrument. 

Suppose  that  the  current  intended  to  be  passed  through  the  instru- 
ment is  capable  of  maintaining  the  sensitive  strip  at  a  temperature  of 
say  60°  C,  and  that  a  sudden  increase  of  current  takes  place  in  con- 
sequence either  of  an  augmentation  of  the  supply  of  electricity  or  of  a 
change  in  the  extraneous  resistance  to  be  overcome,  the  result  will  be 
an  augmentation  of  temperature,  which  will  continue  until  a  new 
equilibrium  between  the  heat  supplied  and  that  lost  by  radiation  is 
■effected.  If  the  strip  is  made  of  metal  of  high  conductivity,  such  as 
copper  or  silver,  and  is  rolled  down  to  a  thickness  not  exceeding  0*05 
milim.,  its  capacity  for  heat  is  exceedingly  small,  and  its  surface 
being  relatively  very  great,  the  new  equilibrium  between  the  supply 
of  heat  and  its  loss  by  radiation  is  effected  almost  instantaneously. 
But,  with  the  increase  of  temperature,  the  position  of  the  regulating 
lever  (L)  is  simultaneously  affected,  causing  one  or  more  contacts  to 
be  liberated,  and  as  many  additional  resistance  coils  to  be  thrown 
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into  ciTonit :  the  result  being  that  the  temperature  of  the  strip  varies 
only  between  very  narrow  limits,  and  that  the  current  itself  is  ren- 
dered very  uniform,  notwithstanding  considerable  variation  in  its 
foroe,  or  in  the  resistance  of  the  lamp,  or  other  extraneous  resistance 
which  it  is  intended  to  regulate. 

It  might  appear  at  first  sight  that,  in  dealing  with  powerful  cur- 
rents, the  breaking  of  contacts  would  cause  serious  inconvenience  in 
consequence  of  the  discharge  of  extra  current  between  the  points  of 
contact.  But  no  such  discharges  of  any  importance  actually  take 
place,  because  the  metallic  continuity  of  the  circuit  is  never  broken, 
and  each  contact  serves  only  to  diminish  to  some  extent  the  resistance 
of  the  regulating  rheostat.  The  resistance  coils,  by  which  adjoining 
contact  springs  are  connected,  may  be  readily  changed,  so  as  to  suit 
particular  cases ;  they  are  made  by  preference  of  naked  wire,  in  order 
to  expose  the  entire  surface  to  the  cooling  action  of  the  atmosphere. 

In  dealing  with  feeble  currents,  I  use  another  form  of  regulator,  in 
which  disks  of  carbon  are  substituted  for  the  wire  rheostat.  The 
Count  du  Moncel,  in  1856,  first  called  attention  to,  and  Mr.  Edison  more 
recently  took  advantage  of,  the  interesting  circumstance  that  the  elec- 
trical resistance  of  carbon  varies  inversely  with  the  pressure  to  which  it 
is  subjected,  and  by  piling  several  disks  of  carbon  one  upon  another  in 
a  vertical  glass  tube,  a  rheostat  may  be  constructed  which  varies  between 
wide  limits,  according  as  the  mechanical  pressure  in  the  line  of  the  axis 
is  increased  or  diminished.  Fig.  4,  Plate  5,  represents  the  current  regu- 
lator based  upon  this  principle,  and  the  foot-notes  below  the  figure 
furnish  the  explanation  of  parts.  A  steel  wire  of  say  0*3  milim. 
diameter  is  drawn  tight  between  the  end  of  a  bell-crank  lever  (L)  and 
an  adjusting  screw  (B),  the  pressure  of  the  lever  being  resisted  by  a 
pile  of  carbon  disks  (C)  placed  in  a  vertical  glass  tube.  The  current 
passing  through  the  steel  wire,  through  the  bell-crank  lever,  and 
through  the  carbon  disks,  encounters  the  minimum  resistance  in  the 
latter  so  long  as  the  tension  of  the  wire  is  at  its  maximum ;  whereas 
the  least  increase  in  temperature  of  the  steel  wire  by  the  passage  of 
the  current  causes  a  decrease  of  pressure  upon  the  pile  of  carbon  disks, 
and  an  increase  in  their  electrical  resistance ;  it  will  thus  be  readily 
seen  that,  by  means  of  this  simple  apparatus,  the  strength  of  small 
currents  may  be  regulated  so  as  to  vary  only  within  certain  narrow 
limits. 

The  apparatus  described  in  figs.  I  to  3,  Plate  4,  may  be  adapted 
also  for  the  measurement  of  powerful  electric  currents — an  application 
which  is  represented  by  figs.  5  and  6,  Plate  5.  The  variable  rheostat 
is  in  this  case  dispensed  with,  and  the  lever  (L)  carries  at  its  end  a 
pencil  (P)  pressing  with  its  point  upon  a  strip  of  paper  drawn  under  it 
in  a  parallel  direction  with  the  lever  by  means  of  clockwork.  A  second 
fixed  pencil  (D)  draws  a  second  or  datum  line  upon  the  strip,  so 
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adjasted  that  the  lines  drawn  by  the  two  pencils  coincide  when  no 
.current  is  passing  through  the  sensitive  strip.  The  passage  of  a  cur- 
rent through  the  strip  immediately  causes  the  pencil  attached  to  the 
lever  to  move  away  from  the  datum  line,  and  the  distance  between 
the  two  lines  represents  the  temperature  of  the  strip.  This  tempera- 
ture depends,  in  the  first  place,  upon  the  amount  of  current  passing 
through  the  strip,  and,  in  the  second  place,  upon  the  loss  of  heat  by 
radiation  from  the  strip ;  which  two  quantities  balance  one  another 
during  any  interval  that  the  current  remains  constant. 

If  C  is  the  current  before  increase  of  temperature  has  taken  place ; 

E>  the  resistance  of  the  conductor  at  the  external  temperature  (T)  ; 

H  the  heat  generated  per  unit  of  time  at  the  commencement  of  the 
flow; 

Bi'  the  resistance,  and  H'  the  heat,  when  the  temperature  T'  and  the 
current  C  have  been  attained ; 

Then  by  the  law  of  Joule — 

H'=R'C'*. 

But  inasmuch  as  the  radiation  during  the  interval  of  constant  current 
and  temperature  is  equal  to  the  supply  of  heat  during  the  same  in- 
terval,  we  have  by  the  law  of  Dulong  and  Petit — 

H'=(T'-T)S, 

in  which  S  is  the  radiating  surface.     Then 

R'C'»=(T'-T)S 

C'»=(r-T)|'. 

But  T'  -  T  represents  the  expansion  of  the  strip,  or  movement  of  the 
pencil  m,  and  considering  that  the  electrical  resistance  of  the  con- 
ductor varies  as  its  absolute  temperature  (which  upon  the  Centigrade* 
scale  in  274°  below  the  zero  Centigrade)  according  to  a  law  first  ex- 
pressed by  Helmholtz,  and  that  we  are  only  here  dealing  with  a  few 
degrees  difference  of  temperature,  no  sensible  error  will  be  committed 
in  putting  the  value  of  R  for  R',  and  we  have  the  condition  of  equi- 
librium 


^'-^•••^-aAI.  w 


or,  in  words,  the  current  varies  as  the  square  root  of  the  difference  of 
temperature  or  ordinates. 

For  any  other  condition  of  temperature  T"  we  have 

C"*=— (T"-T) 
R 


...    C"=/y/|-(T"-T) 


\ 


.t. 


1879.]  Presents.  297 

and  (C"»-C'»)  =  (T"-T-r-|-T)|=(T"-TO|, 

but  for  small  differences  of  C"  and  C  we  may  put 

(C"'-C'')=2C"(C"-C'), 

that  is  to  say,  small  variations  of  current  will  be  proportional  to  the 
variation  in  the  temperature  of  the  strip. 

In  order  to  facilitate  the  process  of  determining  the  value  of  a 
diagram  in  webers  or  other  units  of  current,  it  is  only  necessary,  if 
the  variations  are  not  excessive,  to  average  the  ordinates,  and  to 
determine  their  value  by  equation  (1),  or  from  a  table  prepared  for 
that  purpose.  The  error  committed  in  taking  the  average  ordinate 
instead  of  the  absolute  ordinates,  when  the  current  varies  between 
small  limits,  is  evidently  small,  the  variation  of  the  ordinates  above 
their  mean  value  averaging  the  variations  below  the  same. 

The  thin  sensitive  conductor  may  thus  be  utilized  either  to  restrict 
the  amount  of  electricity  flowing  through  a  branch  circuit  within 
certain  narrow  limits,  or  to  produce  a  record  of  the  amount  of  current 
passed  through  a  circuit  in  any  given  time. 


Presents^  Jmiuary  9,  1879. 

Transactions. 

Dresden: — ^Verein    fiir    Erdkunde.     XV    Jahresbericht.     Wissen- 

schaftlicher  Theil ;  Geschaftlicher  Theil  nnd  Sitzungsberichte. 

8vo.  1878.  The  Society. 

Haarlem : — Hollandsche  Maatschappij  der  Wissenschaften.   Natuur- 

kundige  Verhandelingen.     Derde  Verzameling.    Deel  3.  4to. 

1878.     Archives  Neerlandaises  des  Sciences  Exactes  et  Natu- 

relles.  Tome  XIII.  Hv.  1-5.  8vo.  1878.  The  Society. 

Musee  Teyler.     Archives.  Vol.  IV.  fasc.  2-4.  Vol.  V.  Partie  1. 

8vo.  1878.  TheMus6e. 

Hclsingfors  : — Societas  pro  Fauna  et  Flora  Fennica.     Acta.  Vol.  I. 

8vo.  1875-77.     Meddelanden.  Haftet  2-4.  8vo.  1878. 

The  Society. 
Innsbruck : — Ferdinandeum  fiir  Tirol  und  Vorarlberg.  Zeitschrift. 

Dritte  Folge.  Heft  22.  8vo.  1878.  The  Institution. 

London  : — British  Pharmaceutical  Conference.     Transactions  at  the 

Fifteenth   Annual   Meeting,   held    in  Dublin,   August,   1878. 

Year  Book  of  Pharmacy,  1878.  8vo.  The  Conference. 

St.  Bartholomew's  Hospital.     Reports,  edited  by  W.  S.  Church 

and  Alfred  Willett.  Vol.  XIV.  8vo.  1878.  The  Hoai^it»JL, 

veil.  XXVTII.  ^ 
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Transactions  (ji^nUnued). 
Paris: — Faculte  des   Sciences.      Theses,  par  Delage,  Haretn,   de 
Montgolfier,  Pellet,  Velain,  Legonx,  Prunier,  Halpben,  Witz. 
4to.  1877-78.     Theses,  par  Guillaud,  HoUande,  Velain,  Richet, 
Flahanlt,  Cri6.  8vo.  1878  (No.  388,  399^11). 

The  Faculty. 

St.   Pet-ersbnrg: — Academic    Imp^riale    des   Sciences.    M^moires. 

Tome  XXV.  No.  5-9 ;  XXVI.  No.  1-4.  4to.  1877-78.   Bulletin. 

Tome  XXV.  No.  1-2.  4to.  1878.  The  Academy. 

Venice : — Ateneo  Veneto.     Atti.  Serie  2'.   Vol.  XIII.    Puntata  3 ; 

Vol.  XIV.    Puntata  1-2 ;  Serie  3.  Vol.  T.    Puntata  1-3.  8vo. 

Vmezia  1877-78.  The  Institution. 

Beale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.      Atti.  Serie  5. 

Tomo  III.  Disp.  8-10.  Tomo  IV.  Disp.  1-9.  8vo.  1876-78. 

The  Institution. 


Adams  (A.  Leith),  F.R.S.   On  the  Recent  and  Extinct  Irish  Mammals. 

8vo.    Bvhlin  1878.      Report    on  the   History   of    Irish    Fossil 

Mammals.  8vo.  1878.  The  Author. 

Hood  (C),  F.R.S.     A  Practical  Treatise  on  Warming  Buildings  by 

Hot  Water,  Steam,  and   Hot  Air ;   on   Ventilation,  A;c.     Fifth 

edition.  8vo.  London  1879.  The  Author. 

Mills  (E.   J.),   F.R.S.      Destructive   Distillation :    a  Manualette  of 

Paraffin,  Coal  Tar,  Rosin  Oil,  Petroleum,  and  kindred  Industries. 

8vo.  London  1877.  The  Author. 

Nicholson  (H.  A.)  and  R.  Etheridge,  jun.      A  Monograph  of  the 

Silurian  Fossils  of  the  Girvan  District  in  Ayrshire.   Fasciculus  1. 

8vo.  Edinburgh  1878.  The  Author. 

Pictet   (Raoul)   et   G.   Cell6rier.      M^thode  G6n6rale  d'lnt^gration 

continue  d'une  fonction  numerique  quelconque.  8vo.  Chneve  1879. 

The  Author. 
Wurtz  (Ad.)     La  Th6orie  Atomique.  8vo.  Paris  1879.      The  Author. 


Fresefits,  Ja/nuary  16,  1879. 

Transactions. 

Batavia : — Koninklijke  Natuurkundige  Vereeniging  in  Nederlandsch- 

Indie.      Natuurkundig    Tijdschrift  voor  Nederlandsch-Indie. 

Deel  35,  36,  37.  8vo.  1875-77.  The  Society. 

Breslau  :<— Schlesische     Geselischafb    fiir    yaterlandische     Cultur. 

Funfundfiinfzigster  Jahres-Bericht.   8vo.   1878.     Fortsetzung 
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Transactions  (^continued). 

des  Verzeichnisses  der  in  den  Scliriften,  von  1864  bis  1876 

enthaltenen  Aufsatze.  8yo.  The  Society. 

Jena : — Medicinisch-Natarwissenschafbliche    Gesellschaft.      Denk- 

schriften. '  Band  II.  Heft  2.  4to.  1878.  The  Society. 

London: — Royal   Society    of    Literature.      Transactions.     Second 

Series.    Vol.  II.  Part  3.  8vo.  1878.  The  Society. 

Utrecht: — ^Nederlandsch  Gasthnis  voor   Ooglijders.      Negentiende 

Jaarlijksch  Verslag.  8vo.  1878.  The  Hospital. 

Physiologisch  Laboratoriam  der  Utrechtsche  Hoogeschool.     On- 

derzoekingen.     Derde  Reeks,  V.  Afl.  2.  8vo.  1878. 

The  Laboratory. 


Reports,  Observations,  &c. 

Calcutta : — Report  on  the  Administration  of  the  Meteorological 
Department  of  the  Government  of  India  in  1876-77.  folio. 
Indian  Meteorological  Memoirs.  Vol.  I.  Part  2.  4to.  1878. 
Report  on  the  Meteorology  of  India  in  1876.  4to.  1878. 

The  Indian  Meteorological  Department. 
Lisbon : — Observatorio   do   Infante   D.   Luiz.     Annaes.  Vol.  XIV. 

1876.  folio.  lAsboal877.  Temperatura  do  ar  em  Lisboa  1856-76. 
fol.  1878.  Postos  Meteorologicos.  1876.  Primeiro  Semestre. 
fol.  1877.  The  Observatory. 

London : — Sixth  Report  of  the  Commissioners  for  the  Exhibition 

of  1861.  8vo.  1878.  The  Commissioners. 

Statistical  Report  on  the  Health  of  the  Navy  for  1877.  8vo.  1878. 

The  Medical  Department  of  the  Navy. 

San  Fernando : — Institute    y    Observatorio    de    Marina.      Anales. 

Seccion  2.     Observaciones  Meteoroldgicas.    1876,  1876.   folio. 

1877.  The  Observatory. 
Sydney:— Free    Public    Library.      Catalogue.    1876.    8vo.    1878. 

Report  of  the  Council  of  Education  upon  the  condition  of  the 
Public  Schools  for  1877.  8vo.  Works  on  New  South  Wales. 
8vo.  1878.  The  Public  Library. 

Turin: — Osservatorio della Regia University.  Bollettino.  Anno  12. 
fol.     Torino  1878.  The  Observatory. 

Vienna : — K.  K.  Central- Anstalt  fiir  Meteorolog^e  und  Erdmag- 
netismus.  Jahrbiicher  von  F.  Osnaghi.  Neue  Folge.  Band 
XII.     Jahrgang  1876.  4to.  Wien  1877.  The  Institution. 


Bergsma  (P.  A.)  en  L.  Backer  Overbeck.     Bijdrage  tot  de  Kennis  der 
Weersgesteldheid  ter  Kuste  van  Atjeh.  4to.  Batavia  1877. 

Dr.  Ber^BicLfiu. 
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Goodeve  (T.M.)     Text-Book  of  the  S team-Engine.  8vo.  London  1879. 

The  Whitworth  Measuring  Machine,  roj.  8vo.  London  1877. 

The  Author. 
Oudemans  (J.  A.  C.)     Die  Triangulation  von  Java.     Abtheilung  2. 

4to.  Eaag  1878.  The  Author. 

Ramus  (C.  M.)     The   Poljsphenic   Ship,  and   Speed  at  Sea.    8vo. 

London  1878.  The  Author. 

Thomas  (J.  W.)     A  Treatise  on  Coal,  Mine-Grases,  and  Ventilation. 

8vo.  London  1878.  The  Author. 

Thomson  (James).     On  a  new  Genus  of  Rugose   Corals  from  the 

Carboniferous  Limestone  of  Scotland.   4to.  Olasgow  1878.      On 

the  Genus  Cyathaxonia.  8vo.  1877.  The  Author. 


Presents,  January  23,  1879. 

Transactions. 

Basel: — Naturforschende  Gesellschaft.  Verhandlungen.  Theil  6. 
Heft  4.  8vo.  1878.  The  Society. 

Emden  : — Naturforschende  Gesellschaft.  Dreiundsechszigster 
Jahresbericht.  1 877.  8vo.  1878.  The  Sopiety. 

Heidelberg : — Naturhistorisch-Medicinischer  Verein.  Verhandlun- 
gen. Neue  Folge.  Band  II.  Heft  2-3.  8vo.  1878-79. 

The  Society. 

Hobart  Town: — Royal  Society  of  Tasmania.  Papers  and  Pro- 
ceedings and  Report  for  1876.  8vo.  1877.  The  Society. 

Huddersfield: — West  Riding  Consolidated  Naturalists*  Society. 
The  Naturalist.  New  Series.  Vol.  I.  No.  2,  4,  6,  8-12 ;  Vol.  II. 
No.  13,  14,  16,  18,  20-24 ;  Vol.  III.  No.  26-29,  33,  35,  36 ; 
Vol.  IV.  No.  37-42.  8vo.  1875-79.  The  Editor. 

Innsbruck  : — Naturwissenschaftlich-Medizinischer  Verein.  Benchte. 
Jahrgang  7.  1876.  Heffc  2,  8.  8vo.  1878.  The  Society. 

Leipzig  : — Astronomische  Gesellschaft.  Vierteljahrsschrift.  Jahr- 
gang 12.  Heft  4.  Jahrgang  13.  Heft  2-3.  8vo.  1877-78. 

The  Society. 

London: — Institution  of  Mechanical  Engineers.  Proceedings. 
1878.  No.  1.  8vo.  The  Institution. 

Royal  Geographical  Society.    Proceedings.   Vol.  XXII.   No.  4-6. 
8vo.  1878.  New  Series.  Vol.  I.  No.  1.  8vo.  1879. 

The  Society. 

Madrid: — Comision  del  Mapa  Geoldgico  de  Espana.  Boletin. 
Tomo  5.  Cuademo  1.  8vo.  1878.  The  Commission. 

Milan : — ^Accademia  Fisio-Medica.  Statistica-Atti.  Anno  34.  8vo. 
Milano  1878.  The  Academy. 
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Transactions  (continued) » 

Pisa : — Society  Toscana  di  Sclenze  Natural i.    Attl.  Vol.  III.  fasc.  2 

8vo.  1878.  The  Society. 

Trieste: — Society     Adriatica     di    Scienze     Natnrali.       Bollettino. 

Vol.  IV.  No.  1.  8vo.  1878.  The  Society. 

Watford: — Watford  Natural  History   Society  and   Hertfordshire 

Field  Club.  Transactions.  Vol.  I.  Part  9,  10.  Vol.  2.  Part  1-2. 

8vo.  1878.  The  Society. 

Yokohama: — Asiatic  Society  of  Japan.     Transactions.     Vol.  VI. 

Part  2.  8vo.  1878.  The  Society . 


Blasins  (Wm.)  Meteorological  Method.  8vo.  Philadelphia  1878. 
Causes  of  the  Huron  Disaster.  No.  1.  8vo.  1878.       The  Author. 

Borchardt  (C.  W.)  Zur  Theorie  der  Elimination  und  Kettenbruch- 
Entwicklung.  4to.  Berlin  1878.  Die  Kummersche  Flache  dar- 
gestellt  durch  die  Gopelsche  Relation.  4to.  1877.       The  Author. 

Cox  (Serjeant  E.  W.)  The  Claims  of  Psychology  to  admission  into 
the  Circle  of  the  Sciences.  870.  London  1878.  The  Author. 

Ettingshausen  (Baron  C.  von.)  Die  Proteaceen  der  Vorwelt.  8vo. 
Wten  1851.  Beitrag  zur  naheren  Kenntniss  der  CaJamiten.  8yo. 
1852.  Ueber  Fossile  Proteaceen.  870.  1852.  Beitrag  zur  Kennt- 
niss der  Fossilen  Flora  von  Tokay.  8vo.  1853.  Ueber  die  Fossile 
Flora  des  Monte  Promina  in  Dalmatien.  8vo.  1853.  Ueber  die 
Nervation  der  Blatter  der  Papilionaceen.  8vo.  1854.  Ueber  die 
Nervation  der  Blatter  und  blattartigen  Organe  bei  den  Euphor- 
biaceen.  8vo.  1854.  Beitrage  zur  Kenntniss  der  Fossilen  Flora 
von  Sotzka.  8vo.  1858.  Tertiar-Flora  Steiermark's.  8vo.  1869. 
Fossile  Flora  von  Kadoboz.  8vo.  1870.  Die  Florenelemente  in 
der  Kreideflora.  8vo.  1874.  Ueber  die  genetische  Qliederung  der 
Cap-Flora.  8vo.  1875.  Fossile  Pflanzenreste  aus  dem  Trachy- 
tischen  Sandstein  von  Heiligenkreuz  bei  Kremnitz.  4to.  1852. 
Begriindung  einigen  Arten  der  Lias-und  der  Oolithflora.  4to. 
1852.  Die  Steinkohlenflora  von  Stradonitz  in  Bohmen.  4to. 
1852.  Die  Tertiare  Flora  von  Haring  in  Tirol.  4to.  1853.  Die 
Steinkohlenflora  von  Badnitz  in  Bohmen.  4to.  1854.  Die'  Ur- 
weltlichen  Acrobryen  des  Kreidegebirges  von  Aachen  und  Maes- 
tricht.  4to.  1859.  Die  Fossile  Flora  des  Mahrisch-Schlesischen 
Dachscbiefers.  4to.  1865.  Die  Fossile  Flora  des  Tertiar-Beckens 
von  Bilin.  Theil  2,  3.  4to.  1868-9.  Die  Blattskelette  der  Loran- 
thaceen.  4to.  1871.  Die  Fossile  Flora  von  Sagor  in  Krain.  Theil 
1,  2.  4to.  1872-77.  Die  genetische  Qliederung  der  Flora 
Australiens.  4to.  1875.  Beitrage  zur  Erforschung  der  Phylogenie 
der  Pflanzenarteu.  4to.  1877.  Die  Fossile  Flora  von  Parschlug 
in  Steiermark.  4to.  1877.  The  Author. 


:M)2  PrespHt.^^.  [Jan.  30. 
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Transactions. 

Copenhagen : — Kongelige  Danske  Videnskabemes  Selskab-Skrifter. 

5te  Rcekke.     Natnryidenskabelig  og  Mathematisk  Afd.   Xlte 

Band,  6.     Xllte   Band,  3.    4to.    Kjobenhavn  1878.     Oversigt 

1876,  No.  3.  1877,  No.  3.  1878,  No.  1.  4fco.  The  Academy. 

Lansanne  : — Societe  Vaudoise  des  Sciences  Natnrelles.      Bulletin 

des  Sciences.  2«  S6rie.  Vol.  XV.  No.  80.  1878.      The  Society. 
Moscow: — Soci6t6  Imp6riale   des  Naturalistes.     Bulletin.      1878. 

No.  1-2.  8vo.  The  Society. 

Nenohatel: — Soci^t^  des  Sciences  Natnrelles.   Bulletin.    Tome  II. 

Cahier  2.  8vo.  1878.  The  Society. 

Paris : — Soci^t^  Fraii9aise   de   Physique.     Seances.     Ann^   1878. 

Jan. — Juillet.  8vo.  The  Society. 


Reports,  &c, 

Adelaide : — Adelaide  University  Calendar  for  the  Academical  year 
1878.  8vo.  The  University. 

Leyden : — Royal  Commission  of  the  Netherlands.  Elementary  and 
Middle  Class  Instruction  in  the  Netherlands.  8vo.  1876. 
Sketch  of  the  Public  Works  of  the  Netherlands,  by  L.  C.  van 
Kerkwyk.  8vo.  Haarlem  1876.  Special  Catalogue  of  the 
Netherlands  Section,  International  Exhibition,  Philadelphia. 
8vo.  Amsterdam  1876.  Verslag  over  de  Nederlandsche 
Afdeeling  op  de  Internationale  Tentoonstelling.  8vo.  Hcuiurlefin 
1877.  The  Commission. 

London : — Eighth  Annual  Report  of   the   Deputy  Master  of  the 

Mint.  1877.  8vo.  1878.  The  Hon.  C.  W.  Fremantle. 

Seventh    Annual    Report    of    the    Local    Government    Board. 

Supplement  containing  the  Report  of  the  Medical  Officer  for 

1877.  8vo.  1877.  The  Board. 
Meteorological  Office.     Weather  Reports.    Jan.   1   to  June  30, 

1878.  folio.  Quarterly  Weather  Report.  1875.  Part  3.  4to. 
Hourly  Readings.  Oct.  to  Dec,  1877.  Jan.  to  May>  1878.  folio. 
Meteorological  Observations  at  Stations  of  the  Second  Order, 
for  1877.  Part  1,  2.  4to.  1878.  Meteorology  of  the  North 
Atlantic  during  August,  1873.  By  Captain  H.  Toynbee.  4to. 
1878.  Synchronous  Charts.  Oblong  folio.  Report  of  the 
Meteorological  Council  to  the  Royal  Society  for  the  period  of 
ten  months  ending  31st  March,  1878.  8vo.  The  Office. 
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Reports,  &c.  (continued), 
Rome: — Triplice  Omaggio  alia  Santita  di  Papa  Pio  IX,  nel  suo 
giubileo  episcopale  offerto  dalle  tre  Bomane  Accademie  Ponti* 
ficia  di  Archeologia,  Insigne  delle  BoUe  Arti,   Pontificia  de* 
Nuovi  Lincei.  Scienze.  4to.  B/oma  1877. 

The  Accademia  Pontificia  de*  Nuovi  Lincei. 


Arya  Bhatta.  The  Pjlements  of  Plane  Geometry  in  48  propositions, 
from  the  Sanscrit  text,  edited  on  the  principle  of  Euclid,  by 
Jasoda  Nandan  Sircar.  12mo.  CalciUta  1878.  The  Editor. 

Brongniart  (Ch.)  Note  sur  nn  nonvean  genre  d'Orthoptere  fossile 
de  la  famille  des  Phasmiens.  8vo.  Paris.  Note  rectificative  snr 
qnelqncs  Dipteres  tertiaires.  8vo.  LUle  1878.  The  Author. 

Fayrer  (Sir  Joseph)  F.R.S.  On  the  Bael  Fruit  and  its  Medicinal 
Properties  and  Uses.  12mo.  London  1878.  The  Author. 

Hooker  (Sir  J.  D.),  F.R.S.  The  Flora  of  British  India.  Part  5.  8vo. 
Lo7idon  1878.  The  India  Office. 

Lubbock  (Sir  John),  F.R.S.  Pre-historic  Times,  as  illustrated  by 
Ancient  Remains  and  the  Manners  and  Customs  of  Modem 
Savages.  Fourth  edition.  8vo.  London  1878.  The  Author. 

Matton  (L.  P.)  Quadrature  du  Cercle,  son  existence  prouvee.  4to. 
Lyon  1878.     Polysection  et  Polysectrices.  4to.  1878. 

The  Author. 

Mourck  (V.  E.)  A  Dictionary  of  the  English  and  Bohemian 
Languages.  12mo.  Prague  1879.  The  Author. 

Roscoe  (H.  E.),  F.R.S.,  and  C.  Schorlemmer,  F.R.S.  A  Treatise  on 
Chemistry.  Vol.  II.     Metals.  Part  1.  8vo.  London  1878. 

The  Authors. 


February  6,  1879. 
W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 


The  following  Papers  were  read : — 


VOL.  3CXVJJ/. 


oO-l  Prot*.  ( ).  Kcynolds  o//  cfffidn  IhHunisiontf/  [Fd).  <), 


I.  *'  On  certain  Dimensional  Properties  of  Matter  in  the  Gaseous 
State.  Part  I.  Experimental  Researches  on  Thermal 
Transpiration  of  Gases  through  Porous  Plates,  and  on  the 
Laws  of  Transpiration  and  Impulsion,  including  an  Experi- 
mental Proof  that  Gas  is  not  a  Continuous  Plenum. 
Part  II.  On  an  Extension  of  the  Dynamical  Theory  of  Gas 
which  includes  the  Stresses,  Tangential  and  Normal,  caused 
by  a  Varying  Condition  of  the  Gas,  and  affords  an  explana- 
tion of  the  Phenomena  of  Transpiration  and  Impulsion." 
By  Osborne  Reynolds,  F.R.S.,  Professor  of  Engineering  at 
Owens  College.     Received  January  1 7,  1879. 


Abstract  of  Part  I  (Experimental). 

Section  I  (^Introduction), 

1.  The  motion  of  gases  through  minute  channels  such  as  capillary 
tubes,  porous  plugs,  and  apertures  in  thin  plates  has  been  the  subject 
of  much  attention  during  the  last  fifty  years.  The  experimental 
study  of  these  motions,  principally  by  Graham,  resulted  in  the  dis- 
covery of  important  properties  of  gases,  and  it  is  largely,  if  not 
mainly,  as  affording  an  explanation  of  these  properties,  that  the 
molecular  theory  has  obtained  such  general  credence. 

It  does  not  appear,  however,  that  either  the  experimental  investi- 
gations of  these  motions,  or  the  theoretical  explanations  of  the 
properties  revealed,  have  hitherto  been  in  any  sense  complete.  There 
exists  a  whole  class  of  very  marked  phenomena  which  have  escaped 
the  notice  of  Graham  and  other  observers,  while  several  of  the  most 
marked  and  important  facts  discovered  by  Graham  have  hitherto 
remained  unconnected  by  any  theory. 

2.  Amongst  the  best  known  of  the  phenomena  is  the  difference  in 
the  rates  at  which  different  gases  transpire  through  minute  channels, 
and  the  consequent  difference  in  the  pressure  which  ensues  when  two 
different  gases,  initially  at  the  same  pressure,  are  separated  by  a  porous 
plate.  But  it  docs  not  appear  that  hitherto  any  attempt  has 
been  made  to  ascertain  the  existence  of  what  may  be  considered  a 
closely  analogous  phenomenon — that  a  difference  of  temperature  on 
the  two  sides  of  the  plate  might  cause  gas,  without  any  initial  differ- 
ence of  pressure  or  any  difference  in  chemical  constitution,  to  pass 
through  the  plate — ^nor  am  I  aware  that  such  a  result  from  a  difference 
of  temperature  has  been  in  any  way  surmised. 

I  have  now  ascertained  by  experiments,  which  will  be  described 
at  length,  that  a  difference  of  temperature  may  be  a  very  potent 
oanse  of  transpiration  through   porous  plates.     So  much    so,  that 
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with  hydrogen  on  both  sides  of  a  porous  plate,  the  pressure  on  the 
one  side  being  that  of  the  atmosphere,  a  difference  of  160°  P. 
(from  52°  to  212°)  in  the  temperature  on  the  two  sides  of  the  plate 
secured  a  permanent  difference  in  the  pressure  on  the  two  sides  equal 
to  an  inch  of  mercury;  the  higher  pressure  being  on  the  hotter  side.* 
With  different  gases  and  different  plates  various  results  were  obtained, 
which,  however,  as  will  be  seen,  are  connected  by  definite  laws. 

3.  Again,  although  Graham  found  that  he  obtained  not  only  very 
<lifferent  results,  but  also  very  different  laws  of  motion  with  plates  of 
different  coarseness,  or  with  plates  and  capillary  tubes,  neither  he  nor 
any  subsequent  observer  appears  to  have  followed  up  this  lead.  As 
regards  GrshsLm,  this  appears  to  me  to  be  somewhat  surprising.  For 
although  he  may  have  considered  the  mere  difference  in  the  results  to 
have  been  analogous  to  the  difference  found  by  Poiseuille  for  liquids, 
it  would  seem  as  though  the  difference  in  the  laws  of  motion  should 
have  excited  his  curiosity ;  and  then,  as  he  was  avowedly  of  opinion 
that  gas  is  molecular,  he  could  hardly  have  failed  to  observe  that  so 
long  as  the  mean  distance  separating  the  molecules  in  the  gas  bore  a 
fixed  relation  to  the  breadth  of  the  openings  in  his  plates,  he  should 
have  had  the  same  laws  of  motion.  This  view,  however,  appears  to 
have  escaped  him  as  well  as  all  subsequent  observers,  otherwise  it 
would  have  been  seen  that  with  a  simple  gas  such  as  hydrogen,  similar 
results  must  be  obtained  so  long  as  the  density  of  the  gas  is  inversely 
proportional  to  the  lateral  dimensions  of  the  passages  through  the 
plates. 

By  experiments  to  bo  described  I  have  now  fully  established  this 
law.  I  find  that  with  different  plates  similar  results  are  obtained 
when  the  densities  of  the  gas  with  the  different  plates  bear  certain 
fixed  ratios,  and  that  this  is  the  case  whatever  may  be  the  cause  of 
transpiration,  i.e.,  a  difference  of  temperature  or  a  difference  of  pres- 
sure ;  a  difference  of  gas  I  have  not  investigated,  as  it  was  obviously 
unnecessary  to  do  so.  Thus,  with  two  plates,  one  of  stucco  and  the 
other  of  meerschaum,  similar  results  of  transpiration  caused  by  pres- 
sure were  obtained  when  the  densities  with  the  two  plates  were 
respectively  as  1  to  56  both  with  hydrogen  and  air,  and  at  pressures 
ranging  from  30  to  2  inches  of  mercury;  also  with  the  same  two 
plates  similar  results  of  thermal  transpiration  were  obtained  when  the 
densities  were  respectively  as  1  to  6*5  both  for  hydrogen  and  air,  and 
through  a  range  of  densities  from  30  inches  to  '25  of  an  inch  of 
mercury,  the  discrepancy  between  5'6  and  6*5  being  in  all  probability 
owing  to  a  slightly  altered  condition  of  the  plates. 

This  correspondence  of  the  results  at  corresponding  densities  holds 
although  the  law  of  motion  changes.     Thus,  with  air  at  30  inches 
through  the  stucco  plate,  the  law  of  motion  was  the  same  Q&  tW^ 
found  by  Graham  for  a  stucco  plate,  while  at  tlie  Em^ei&^  -^t^s^^xtc^ 
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('25  inch)  it  was  nearly  the  same  as  he  found  for  graphite  plates,  or 
for  apertures  in  thin  plates. 

Having  established  this  law  of  corresponding  results  at  correspond- 
ing densities,  it  became  apparent  that  the  results  obtained  with  plates 
of  different  coarseness,  and  with  the  same  plates,  but  with  different 
densities  of  gas,  followed  a  definite  law.  This  law,  which  admits  of 
symbolical  expression,  shows  that  there  exists  a  definite  relation 
between  the  results  obtained,  the  lateral  dimensions  of  the  passages, 
and  the  density  of  the  gas. 

This  law  is  important  in  reconciling  results  which  have  hitherta 
appeared  to  be  discordant  and  as  tending  to  complete  the  experimental 
investigation,  but  it  has  another  and  a  more  general  importance. 

It  may  not  appear  at  first  sight,  but  on  consideration  it  will  be  seen 
that  this  law  amounts  to  nothing  less  than  an  absolute  experimental 
demonstration  that  gas  possesses  a  heterogeneous  structure — that  it  is 
not  a  continuous  plenum  of  which  each  part  into  which  it  may  be 
divided  has  the  same  properties  as  the  whole. 

It  would  appear  that  Graham  must  have  had  this  proof,  so  to  speak, 
under  his  eyes,  and  it  is  strange  that  both  he  and  other  observers  have 
overlooked  it.  It  seems  possible,  however,  that  they  were  not  alive  to 
the  importance  of  such  a  demonstration.  It  is  now  so  generally 
assumed  that  gas  is  molecular,  that  the  weakness  of  the  evidence  on 
which  the  assumption  is  based  and  the  importance  of  further  proof 
are  points  which  are  apt  to  escape  notice. 

The  Importance  of  an  Experimental  Demonstration  that  Oas  PossesseK 

Molecular  Structure, 

5.  The  idea  of  molecular  gas  does  not  appear  to  have  originated 
from  the  recognition  of  properties  in  gas  which  were  inconsistent  with 
the  idea  of  a  continuous  plenum,  but  from  a  wish  to  reconcile  the 
properties  of  gas  with  the  properties  of  other  substances,  or,  more 
strictly,  with  some  general  property  of  matter.  And  the  general 
conviction  which  may  be  said  to  prevail  at  the  present  time  is  owing 
to  the  simplicity  of  the  assumptions  on  which  the  molecular  hypothesis 
is  based,  and  the  completeness  with  which  many  of  the  properties  of 
gas  have  been  shown  to  result  from  this  hypothesis.  But  it  will  be 
readily  seen  that  however  simple  may  be  the  assumptions  of  the 
kinetic  theory,  and  however  completely  the  properties  of  gases  may 
be  shown  to  follow  from  these  assumptions,  this  is  no  disproof  of  the 
possibility  that  gas  may  be  a  continuous  substance,  each  elementary 
portion  of  which  is  endowed  with  all  the  properties  of  the  whole,  and 
unless  this  is  disproved  there  may  exist  doubts  as  to  the  necessity  for 
the  kinetic  theory. 
Any  direct  proof,  therefore,  that  gas  is  not  ultimately  continuous 
sJtogetber  alters  the  position  of  the  molecular  hypothesis. 
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The  Sufficiency  of  the  Demonstration  that  Qas  is  not  Structureless, 

6.  In  order  to  prove  that  gas  is  not  structureless,  it  is  not  necessary 
that  we  should  be  able  to  perceive  the  actual  structure ;  we  have  only 
to  find  some  property  of  a  certain  quantity  of  gas  which  can  be  shown 
not  to  be  possessed  by  all  the  parts,  some  property  which  is  altered 
by  a  rearrangement  of  the  parts. 

Hitherto  I  believe  that  no  such  property  has  been  recognised,  or,  at 
all  events,  the  conclusions  to  be  drawn  from  such  a  property  have  not 
been  recognised.  The  phenomena  of  transpiration,  as  well  as  those  of 
the  radiometer,  depend  on  such  properties,  but  these  properties  have 
not  been  sufficiently  understood  to  bring  out  the  conclusion.  This 
conclusion,  however,  follows  directly  from  the  law  indicated  in  Article  4, 
viz.,  that  the  results  of  transpiration  depend  on  the  relation  between 
the  size  of  the  passages  and  the  density  of  the  gas. 

The  Bestdts  Ded/uced  from  Theory. 

7.  Although  the  existence  of  the  phenomena  of  thermal  transpira- 
tion, and  the  existence  of  the  law  of  corresponding  results  at  corres- 
ponding densities,  have  been  verified  by  experiment,  they  were  not  so 
discovered ;  they  followed  from  what  appeared  to  be  a  successful 
attempt  to  complete  the  explanation  which  I  had  previously  offered  of 
the  forces  which  result  when  heat  is  communicated  from  a  surface  to 
a  gas,*  and  the  phenomena  of  the  radiometer. 

Having  found,  what  I  had  not  at  first  perceived,  that  according  to 
the  kinetic  theory  the  excess  of  pressure  resulting  from  the  communi- 
cation of  heat  to  a  gas  must  depend  on  the  fact  of  the  surface  from 
which  the  heat  flows  being  of  limited  extent,  and  must  follow  a  law 
depending  on  some  relation  between  the  mean  path  of  a  molecule 
and  the  size  of  the  surface,  it  appeared  that  by  using  vanes  of 
comparatively  small  size  the  force  should  be  perceived  at  correspond- 
ingly greater  pressures  of  gas. 

On  considering  how  this  might  be  experimentally  tested,  it  appeared 
that  to  obtain  any  result  at  measurable  pressures  the  vanes  would 
have  to  be  very  small  indeed ;  too  small  almost  to  admit  of  experiment. 
And  it  was  while  searching  for  some  means  to  obviate  this  difficulty 
that  I  came  to  perceive  that  if  the  vanea  were  fixed,  then  instead  of 
the  movement  of  the  vanes  we  should  have  the  gas  moving  past  the 
vanes — a  sort  of  inverse  phenomenon ;  and  then  instead  of  small  vanes 
small  spaces  might  be  allowed  for  the  gas  to  pass.  Whence  it  was  at 
once  obvious  that  in  the  porous  plugs  I  should  have  the  means  of 
verifying  these  conclusions.  I  followed  up  the  idea,  and  by  a  method 
which  I  devised  of  extending  the  dynamical  theory  of  gases,  so  as  to 
take  into  account  the  forces  (tangential  and  normal)  arising  from  a 

•  "  Proc.  Eoj.  Soc.,"  Tol.  xxii,  p.  402,  and  "Phil.  Trans.,"  toI.  cVxN\,^.n*M^. 
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varying  condition  of  molecular  gas,  I  was  able  to  deduce  what  appears 
to  me  to  be  a  complete  theory  of  transpiration. 

This  theory  appears  to  include  all  the  results  established  by  Graham, 
as  well  as  the  known  phenomena  of  the  radiometer,  which,  for  the 
sake  of  shortness,  I  shall  call  the  phenomena  of  Irrfpidsion,  I  was  also- 
able  definitely  to  deduce  the  results  to  be  expected  as  regards  both 
thermal  transpiration  and  the  law  of  corresponding  densities  for 
transpiration  and  impulsion. 

Having  made  these  deductions  I  commenced  the  experiments  on 
transpiration,  which  so  completely  verified  my  theoretical  deductions 
that  I  have  been  able  to  produce  the  theory  in  its  original  form,  with 
some  additions  but  without  any  important  modification. 

Moreover,  having  succeeded  (not  without  some  trouble)  in  render- 
ing apparent  the  effect  of  differences  of  temperature  in  causing  gas  to* 
move  through  fine  apertures,  I  recurred  to  the  original  problem,  and 
by  suspending  fibres  of  silk  and  spider  lines  to  act  as  vanes,  I  have 
now  E^LCceeded  in  directly  verifying  the  conclusion  that  the  pressure 
of  gas  at  which  the  force  in  the  radiometer  becomes  apparent  varies 
inversely  as  the  size  of  the  vBues.  With  the  fibre  of  silk  I  obtained 
repulsion  at  pressures  of  half  an  atmosphere. 

The  Arrangement  of  the  Paper. 

8.  My  object  in  this  paper  is  to  describe  the  reasoning  by  which  I 
was  led  to  undertake  the  experiments,  as  well  as  the  experiments 
themselves;  but  as  the  theory  will  be  better  understood  after  an 
acquaintance  with  the  facts,  I  have  inverted  the  natural  order  and 
given  the  experiments  first.  I  include  here,  however,  a  somewhat  full 
account  of  the  results  to  be  expected  as  deduced  from  the  theory. 

Then  follows  a  statement  of  the  laws  of  transpiration  and  impulsion 
as  deduced  from  theory : — 

Section  II  is  devoted  to  the  description  of  the  experiments  on 
thermal  transpiration ;  Section  III  to  the  experiments  on  transpiration 
under  pressure,  and  Section  IV  to  the  experiments  on  impulsion. 

In  this  abstract  it  will  not  be  possible  to  give  more  than  a  sketch 
of  the  matter  contained  in  these  sections.  The  numerous  precautious 
and  tests  will  have  to  be  left  unnoticed,  and  only  a  few  of  the  experi- 
mental results  can  be  given.  The  investigation  occupied  from 
February,  1878,  till  the  beginning  of  August,  every  result  being 
verified  by  repeated  experiments. 

TJie  Apparatus  for  Thermal  T ramp iraJt ion. 

This  consisted  principally  of  an  instrument  called  a  thermo-diffnsio- 

meter,  of  which  the  essential  feature  is  two  chambers,  separated  by  a 

plate  of    porous  material,  means   being  provided  for  keeping  the 

chambers  at  constant,  but  different,  temperatures  for  many  hours  at  a 
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tiine,  also  for  measuring  the  pressure  of  gas  in  the  chambers,  for 
exhausting  the  chambers,  and  for  bringing  the  chambers  into  direct 
communication  when  required.  The  different  temperatures  were 
secured  by  a  stream  of  steam  on  the  one  side,  which  gave  a  tempera- 
ture of  212°  F.,  and  a  stream  of  water  on  the  other  side,  which  gave  a 
temperature  constant  for  the  time,  but  which  ranged  during  the 
investigation  from  47°  in  February  to  70°  in  July. 

The  porous  plates  tried  were  of  biscuit- ware,  stucco,  and  meerschaum, 
and  ranged  in  thickness  from  '06  (1*5  millims.)  to  '44  inch  (11*2 
millims).  The  pressures  of  gas  within  the  chambers  and  the  difference 
of  pressure  on  the  two  sides  of  the  plate  were  measured  by  mercury 
gauges.  A  special  instrument  used  for  reading  the  differential  gauge 
read  to  the  y^J-g^th  of  an  inch  ('0025  millim.). 

Several  weeks  were  spent  on  this  apparatus  in  getting  it  tight, 
getting  the  gauges  to  work,  and  getting  rid  of  the  disturbing  efEects 
of  moisture,  before  any  definite  results  were  obtained,  but  finally  the 
instrument  answered  extremely  well.  • 

The  Experiments  on  Thermal  Transpiration. 

The  streams  of  steam  and  water  having  been  kept  going  for  several 
hours,  long  enough  for  the  condition  of  temperature  in  the  instrument  to 
be  perfectly  steady,  the  tap  which  established  communication  between 
the  chambers  on  the  opposite  sides  of  the  porous  plate  having  been  open, 
80  that  the  pressure  in  these  chambers  was  equal,  this  tap  was  closed, 
80  that  the  sole  communication  was  through  the  porous  plate.  Any 
difPerence  of  pressure  between  these  chambers  was  then  read  on  the 
differential  gauge. 

Supposing  that  on  the  first  readinc^  the  gas  (whatever  it  might  be) 
within  the  instrument  was  at  the  pressure  of  the  atmosphere,  a  certain 
quantity  of  gas  was  tben  drawn  out  and  the  experiment  repeated. 
This  was  done  until  the  pressure  within  the  instrument  was  as  low 
as  '25  inch  of  mercury. 

According  to  the  theoretical  deductions,  it  had  appeared  that  when 
the  sole  communication  between  the  two  chambers  was  through  the 
porous  plate,  and  the  gas  in  these  chambers  was  at  the  same  pressure, 
the  difference  of  temperature  would  cause  the  gas  to  pass  from  the 
colder  chamber  to  that  which  was  hotter,  until  a  certain  difference  of 
pressure  was  established,  after  which  there  would  be  no  further  change 
as  long  as  the  same  difference  of  temperature  was  maintainedi  so  that 
the  result  to  be  expected  as  giving  evidence  of  thermal  transpiration 
was  a  difference  in  the  pressure  on  the  two  sides  of  the  plate. 

This  difference  was  first  obtained  with  air  at  the  pressure  of  the 
atmosphere  and  a  biscuit- ware  plate,  the  difference  being  '1  inch 
(2*54  millims). 

It  further  appeared  from  the  theory  that  the  difference  which  would, 
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cceterii  paribus,  depend  on  the  difference  of  tempemtnre,  would  also 
depend  on  the  relation  between  the  density  of  the  gsa  and  the  coarse- 
nesB  of  the  plate,  bo  that,  cceterig  paribus,  the  finer  the  plate  the  greater 
the  difference,  and  this  conclnsion  was  at  once  verified. 

A  plate  of  meerachaam,  '25  inch  (6*3  millimB.)  thick,  gave  a  differ- 
ence, "25  inch  with  air,  and  88  with  hydrogen,  at  the  pressore 
of  the  atmosphere,  while  a  plate  ot  etacco  of  the  same  thickness  as 
the  meerschanm  only  gave  a  difference  of  '02  inch  with  air  and  '14 
inch  with  hydrogen. 

It  also  appeared  from  the  theory  that  with  the  same  plate  and  the 
same  gas,  the  difference  of  pressnre  ahonld  be  a  maximum  at  some 
particular  denei^,  so  that  if  the  initial  density  waa  safficient,  the 
thermal  difference  of  preseore  wonld  increase  as  ezhanstion  proceeded 
np  to  a  certain  point  and  then  fall  off,  the  density  at  which  the 
thermal  difference  wonld  be  a  maximnm  depending  on  the  coarsenefut 
of  the  plate  and  the  nature  of  the  gas.  These  conclauionB  were 
verifitd. 


Mean  !treHure  in  inc)ie«  of  Menurr. 


For  with  the  meerschaum  plate  the  thermal  difference  for  air  was 
almost  constant  at  presanres  nearly  eqnal  to  the  atmosphere,  but  fell  at 
an  increasi'Dg  rate  as  the  density  diminished  (this  is  shown  by  the  curve 
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for  air,  fig.  1).  From  this  it  was  clear  that  if  the  thermal  difiereiice 
reached  &  maximum  it  would  be  at  some  pressure  greater  than  that  of 
the  atmosphere  With  stucco  the  thermal  difference  for  air  increaaed 
as  the  pressaro  fell  from  that  of  the  atmosphere,  and  reached  & 
maximum  only  at  a  pressure  of  about  8  inches  of  mercnrj  (shown  in 
Kg.  ■>). 


A  ciimparison  of  these  results  shows  that  the  density  at  whiclt  the 
thermal  tmnspiratictn  is  a  maximum  depends  on  the  ooarseness  of  the 
)>late ;  and  that  it  depends  on  the  nature  of  the  gas  appears  at  once  on 
<x)mpariiig  the  resulta  for  hydrogen,  air,  and  carbonic  acid,  which  are 
shown  on  figs.  1  and  2. 

Experiments  with  plates  of  various  thicknesses  gave  the  thermal 
difference  of  pressures  independent  of  the  thickness  of  the  plate,  so 
long  as  the  difFerence  of  temperature  was  the  same. 

Several  minor  deductions  from  the  theory  were  also  directly  verified. 

TIte  Law  of  Corretpondmg  Betvili  at  Oorreiptmding  Detuitiei. 

In  order  to  establish  this  law  it  was  necessary  to  compare  the  results 
obtained  with  different  plates.  According  to  the  law,  the  ratio  of  the 
thermal  difference  of  pressure  to  the  mean  pressure  with  a  particular 
plate  and  a  particular  gas  should  be  the  same  as  with  another  plate  and 
the  same  gas,  as  long  as  the  densities  (or  pressures)  are  in  a  fixed 
ratio,  which  is  the  ratio  of  the  fineness  of  the  plates. 

A  simple  numerical  calcalation  sufficed  to  show  that  this  conclusion 
is  approximately  verified.  On  dividing  the  thermal  differences  by  the 
mean  pressure  for  both  the  meerschaum  and  stucco  plates,  it  appears 
that  the  resulting  numbers  are  approximately  equal,  so  long  as  the 
pressure  with  the  meerschaum  is  six  times  as  great  as  with  the  stucco. 
This  is  so  both  for  air  and  hydrogen,  and  through  a  range  of  pressures 
[rem  30  to  -'dlj  inches  with  the  meerschaum,  and  5  to  '2  inches  wi& 
the  stucco. 

The  numerical  comparison  does  not,  however,  bring  out  the  agree- 
ment in  nearly  as  strong  a  light  as  the  comparison  which  has  been 
effected  by  a  graphic  method. 
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Graphic  Method  of  comparing  the  Betultg. 

This  method  consists  in  taking  aa  ordinates  and  abscissEe,  not  tko 
tbermal  differences  and  mean  pressnres,  bnt  the  logarithmfi  of  these 
quantities,  and  the  curves  so  formed  are  called  the  l(^rithmic  homo- 
logaes  of  the  curves  shown  in  figs.  1  and  2. 

Any  common  ratio  which  exists  between  ordinates  or  abscisste  of 
corresponding  points  on  t.iie  natural  CEtrrcs  becomes  a  common  differ- 
ence between  the  ordinatfisorabacissfeof  their  logarithmic  homolognes, 
BO  that  if  the  natural  corves  correspond  after  the  manner  that  has  jast 
been  described,  their  logarithmic  homolognes  mnst  be  precisely  similar 
cnrves,  such  that  by  shifting  the  one  parallel  to  itself  it  can  be  made  to 
fit  on  to  the  other. 

Fifl.  S. 


In  fig.  Sab  and  ed  are  the  logarithmic  homolognes  respectively  for 
the  air  carve  and  the  hydrogen  corvo  with  meerschanm,  and  ef  and 
rf  h  are  the  logarithmic  homologaes  respectively  for  the  air  and 
hydrogen  corves  with  stncco.  By  tracing  e  f  and  g  h  together  with 
their  axes  on  the  same  paper,  and  moving  the  paper  without  turning 
it,  until  the  traced  curves  fit  the  curves  for  meerschaum,  it  is  found 
that  the  fit  is  perfect,  a  portion  of  the  traced  curve  «'/'  coinciding 
with  a  portion  of  a  b,  and  a  portion  of  y'  k'  coinciding  with  c  J. 

0'  M  and  O'  N,  the  componenta  of  the  shift,  are  the  logarithms  of 

the  ratios  of  the  corresponding  ordinates  and  abscissEB  of  the  natnral 

curves ;  and  in  the  particnlar  case  to  which  fig.  2  refers — 

O'N     =     -7      =     log.  5 

0' M    =     -77     =     log.  5'J 

It  IB  tbuB  seen  that  the  reason  why  the  numerical  comparison  did  not 
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give  absolutely  consistent  results  is  because  the  ratio  of  the  correspond- 
ing absciss89  is  not  .exactly  the  same  as  that  of  the  corresponding 
ordinates,  the  difference  being  found  on  examination  to  be  owing  to 
a  discrepancy  in  the  temperatures,  which  affected  the  ratio  of  the  cor- 
responding ordinates,  but  not  the  ratios  of  the  corresponding  abscissas. 
These,  therefore,  give  5  as  the  ratio  of  the  coarseness  of  these  parti- 
cular plates. 

The  woodcut,  fig.  3,  merely  illustrates  the  result.  The  logarithmic 
homologues  of  the  curves  for  both  air  and  hydrogen,  plotted  with  the 
greatest  care,  the  points  marking  the  experiments  being  so  close 
together  that  it  was  scarcely  necessary  to  draw  a  curve,  have  been 
compared,  and  the  agreement  is  very  remarkable,  the  only  slight 
deviation  being  that  shown  in  fig.  3,  which  was  found  to  be  owing  to 
some  impurity  in  the  hydrogen  at  pressures  below  an  inch  of  mercury^ 

In  order  fully  to  appreciate  the  force  of  this  agreement,  it  must  be 
noticed  that  it  is  not  only  the  portions  of  the  curves  which  overlap 
thai:  agree  in  direction,  but  also  the  distances  between  the  curves  for 
hydrogen  and  air,  which  are  shifted  in  pairs. 

Nothing  could  prove  more  forcibly  than  this  fitting  that  the  differ- 
ence in  the  results  for  different  plates  depends  on  a  relation  between 
the  density  of  the  gas  and  the  coarseness  of  the  plates. 

Experiments  07i  Transpiration  under  Pressure. 

According  to  the  theoretical  deductions  the  rate  at  which  gas  would 
be  forced  through  a  tube  or  porous  plate  by  a  difference  of  pressure 
bearing  a  fixed  ratio  to  the  mean  pressure  of  the  gas  in  passing,  would 
vary  with  the  mean  density  of  the  gas  according  to  a  law  which  would 
hold  with  different  plates,  the  corresponding  results  being  obtained  at 
pressures  inversely  proportional  to  the  diameters  of  the  tubes.  The 
differences  in  the  laws  of  transpiration  which  Graham  found  with 
different  tubes  and  plates  are,  so  far  as  they  go,  in  fair  accordance  with 
the  law  as  deduced  from  this  theory,  but  the  range  of  densities  over 
which  Graham's  results  extend  is  too  small  to  allow  a  very  complete 
verification,  and  the  chief  object  in  these  experiments  was  to  extend 
this  range  of  densities.  The  apparatus  used  was  the  thermo-diffu- 
siometer,  slightly  modified,  and  without  the  streams  of  steam  and 
water.  The  instrument  lent  itself  very  well  to  this  part  of  the  investi- 
gation. It  allowed  of  the  measurement  of  the  time  of  transpiration 
of  a  definite  volume  of  gas,  measured  at  whatever  might  be  the  pres- 
sure of  the  instrument,  through  the  porous  plate,  under  a  difference  of 
pressure  bearing  a  fixed  ratio  to  the  pressure  within  the  instrument. 

The  times  of  transpiration  of  equal  volumes  of  air  and  hydrogen 
through  plates  of  stucco  and  meerscliaum  were  determined  at  pressures- 
varying  from  that  of  the  atmosphere  to  a  fraction  of  an  inch  of 
mercury. 
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These  results,  in  as  far  as  the  conditions  correspond,  wore  found  to 
agree  very  closely  with  the  results  obtained  by  Graham.  Thus, 
through  stucco  at  30  inches,  the  comparative  times  of  transpiration  of 
air  and  hydrogen  were  as  2*9  to  1,  Graham's  results  being  2*8  to  1. 
Through  meerschaum  the  ratio  was  3*6  to  1,  Graham  having  found  the 
ratio  3*8  to  1  through  a  graphite  plate,  which  was  in  all  probability 
finer  than  the  meerschaum.  The  ratio  of  the  times  of  transpiration  of 
equal  volumes  of  different  gases,  which  Graham  looked  upon  as  vary- 
ing only  with  the  coarseness  of  the  plates,  was  found,  as  was  expected, 
to  depend  entirely  on  the  relation  between  the  pressures  of  the  gases 
and  the  coarseness  of  the  plates,  the  ratio  of  the  times  being  the  same 
as  long  as  the  pressures  of  the  gases  were  inverselj^  proportional  to 
the  coarseness  of  the  plates. 

Thus,  at  a  pressure  of  5  inches,  the  times  for  hydrogen  and  air 
through  stucco,  instead  of  being  2*9,  as  at  the  pressure  of  the  atmos- 
phere, were  3*6,  or  the  same  as  through  meerschaum  at  a  pressure  six 
times  as  great;  the  coarseness  of  the  plateSj  as  determined  in  the 
previous  experiments,  being  5*6.  The  same  agreement  held  as  long  as 
the  ratio  between  the  pressures  was  maintained. 

The  correspondence  of  the  results  for  different  plates,  and  the  com- 
plete verification  of  the  theoretical  conclusions  which  they  afforded,  is 
shown  by  comparing  the  logarithmic  homologues  of  the  curves  in 
which  the  times  of  transpiration  are  the  ordinates  and  the  pressures  the 
abscisssd.  The  fitting  of  the  logarithmic  homologues  is  exact,  both  as 
regards  the  direction  of  the  curves  and  the  distances  between  the 
<;urves,  for  air  and  hydrogen ;  the  displacement  along  the  abscissse,  to 
bring  the  curves  into  coincidence,  being  '819  =  log.  6*5. 

As  this  number,  6*5,  is  the  ratio  of  the  coarseness  of  the  plates,  it 
should  have  corresponded  with  the  ratio  obtained  by  thermal  transpira- 
tion, which  was  5*6,  with  the  same  plates.  This  discrepancy,  although 
too  small  to  cast  a  doubt  upon  the  general  agreement  of  the  results,  is 
too  large  to  be  attributed  to  experimental  inaccuracy,  and  must  have 
been  due  to  some  change  in  the  plates,  probably  arising  from  the 
plates  being  hot  in  the  one  case  and  cold  in  the  other. 

ExperimenU  on  Impulsion  with  a  Suspended  Fibre, 

A  single  fibre  of  unspun  silk  was  suspended  from  one  end  in  a 
vertical  test-tube,  closed  with  an  india-rubber  cork,  and  connected  with 
an  air-pump,  and  a  microscope  was  arranged  for  observing  the  motion 
of  the  fibre  when  a  hot  body  was  brought  into  a  certain  position  near 
the  test-tube. 

With  air  in  the  test-tube  at  the  pressure  of  the  atmosphere,  it  was 

found  that  the  fibre  was  carried  by  the  air- currents  towards  the  hot 

body,  and  this  was  the  case  as  long  as  the  pressure  was  greater  than 

8  inches  of  mercury,  but  after  the  tube  had  been  exhausted  below 
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this  point,  the  fibre  moved  away  from  the  heat,  and  the  motion 
steadily  increased  as  the  pressure  became  very  small,  snch  as  -^th 
of  an  inch  of  mercury. 

With  hydrogen  in  the  test-tube,  the  fibre  moved  away  from  the  heat 
at  all  pressures  below  that  of  the  atmosphere,  and  for  small  pressures 
the  motion  was  somewhat  larger  than  with  air. 

A  spider-line  was  also  tried,  and  gave  results  similar  to  the  fibre  of 
silk. 

It  thus  appeared  that  both  with  the  fibre  of  silk  and  the  spider-line 
the  phenomena  of  impulsion  were  manifest  at  densities  many  hundred 
times  greater  than  the  highest  densities  at  which  like  results  are 
obtained  with  the  vanes  of  the  radiometer  which  are  several  hundred 
times  broader  than  the  fibre  of  silk.  And  this  verifies  the  law  of 
corresponding  results  at  corresponding  densities  for  this  claAS  of  phe- 
nomena. 

Ahstract  of  Part  II  (Thearetical  Investigation), 

The  characteristic  as  well  as  the  novelty  of  this  investigation  is 
that,  not  only  is  the  mean  of  the  motions  of  the  molecules  at  the 
point  under  consideration  taken  into  account,  but  also  the  manner  in 
which  the  mean  motion  may  vary  from  point  to  point,  in  any  direction 
across  the  point  under  consideration.  It  appears  that  such  a  variation 
gives  rise  to  certain  stresses  in  the  gas  (tangential  and  normal)  and  it 
is  of  these  stresses  that  the  phenomena  of  transpiration  and  impulsion 
afford  evidence. 

Instead  of  considering  only  the  mean  condition  of  the  molecules 
comprised  within  an  elementary  volume  of  the  gas,  what  is  chiefly 
considered  in  this  investigation  is  the  mean  condition  of  the  molecules 
which  cross  an  elementary  area  in  a  plane  supposed  to  be  drawn 
through  the  point. 

Q  is  used  to  indicate  a  quantity  belonging  to  a  molecule  such  as  its 
mass,  momentum,  or  energy,  ffx(Q)  to  express  the  rate  at  which  Q  is 
carried  across  a  plane  perpendicular  to  the  direction  x. 

Two  systems  of  axes  are  employed,  xyz  fixed  axes,  with  respect 
to  which  ?*,  v,  iv,  are  the  component  velocities  of  a  molecule,  and  a 
system  of  axes  parallel  to  xyz,  but  moving  with  the  component 
velocities  U,  V,  W,  with  respect  to  which  f,  tf,  g",  have  the  com- 
ponent velocities  .of  a  molecule.     U,  V,  W,  having  such  values  that 

As  preliminary  to  the  investigation,  expressions  are  obtained  for 
<r(Q)  in  terms  of  a,  U,  V,  and  W,  on  the  supposition  that  the  gas  is 
unifonn.  This  is  accomplished  by  the  application  of  well-known 
methods. 
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When  the  condition  of  the  gas  varies  from  point  to  point,  the 
molecnles  are  considered  as  consisting  of  two  groups,  one  crossing 
from  the  positive  and  the  other  from  the  negative  side  of  the  plane. 
Considered  in  opposite  directions,  the  mean  characteristics  (the 
number,  mass,  momentum,  or  energy)  of  these  two  groups  are  not 
necessarily  equal.  They  may  differ  in  consequence  of  the  motion  of 
the  gas,  the  motion  of  the  plane  through  the  gas,  or  a  varying  con- 
dition of  the  gas,  and  the  determination  of  the  effect  of  these  causes, 
particularly  the  last,  on  the  mass,  momentum  and  energy  that  may  be 
carried  across  by  either  or  both  groups  constitutes  the  extension  of 
the  dynamical  theory  of  gases. 

In  order  to  take  account  of  the  difference  in  the  two  groups  it  is 
assumed,  and  so  far  there  is  nothing  new  in  the  assumption  itself, 
that  the  group  of  molecules  which  crosses  the  surface  from  either  side 
will  partake  of  the  characteristics  of  the  gas  in  the  region  from  which 
the  molecules  which  constitute  the  group  have  come.  The  first  direct 
step  in  the  investigation  is  the  deduction  from  the  foregoing  assump- 
tion of  two  theorems  (I  and  II),  supposing  that  there  are  no  external 
forces.  Taking  ^'(Q)  to  be  the  approximate  value  of  ^(Q)  obtained 
on  the  assumption  that  the  gas  is  uniformly  in  the  mean  condition 
which  holds  at  the  point  xyz^  the  theorems  I  and  II  admit  of  the 
following  symbolical  expression : — 

,(Q)=y(Q)^,|^^'(Q)+|^'''(Q)+^'(Q)}- 

Where  s  represents  a  certain  distance,  measured  from  the  plane  of 
reference. 

This  distance,  «,  enters  as  a  quantity  of  primary  importance  into 
all  the  results  of  the  investigation. 

It  is  proposed  to  call  s  the  mean  range  of  the  quantity  Q,  so  as  to 
distinguish  it  from  the  mean  path  of  a  molecule. 

8  is  a  function  of  the  mean  path,  but  it  also  depends  on  the  nature 
of  the  impacts  between  the  molecules.   It  is  subsequently  shown  that — 

«=  y^r  «/*> 

from  which  it  appears  that « co  - . 

P 
The  dynamical  conditions  of  steady  density,  steady  momentum,  and 

steady  energy  are  then  considered. 

Putting  2(Q)  for  the  value  of  Q  in  a  unit  of  volume,  in  order  that 

2(Q)  may  be  steady,  we  have — 

:^«-*(Q)  +|-<'r(Q)  +;f^.(Q)=o, 

dx  ay  az 

whence,  by  giving  to  Q  the  value  M,  the  mass  of  a  molecule,  we  have 
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the  condition  of  steady  density,  for  steady  momentum  Q  has  severally 
the  values  Mi*,  Mv,  "Miio,  and  for  steady  energy  Q=M(w*  +  v^  -\-  tc*). 

The  equations  of  motion  are  then  applied  to  the  particular  cases 
which  it  is  the  object  of  this  investigation  to  explain.  Two  cases  are 
considered. 

The  first  case  is  that  of  a  gas  in  which  the  temperature  and  pressure 
vary  only  along  a  particular  direction,  so  that  the  isothermal  surfaces 
and  the  surfaces  of  equal  pressure  are  parallel  planes  ;  this  is  tJie  case 
of  transpiration. 

The  second  case  is  that  in  which  the  isothermal  surfaces  and 
sur^Bi^ces  of  equal  pressure  are  curved  (whether  of  single  or  double 
curvature)  ;  this  is  the  case  of  impulsion  and  the  radiometer. 

Transpiration, 

As  regards  the  first  case,  the  condition  of  steady  energy  proved  to 
be  of  no  importance,  but  from  the  conditions  of  steady  momentum  and 
steady  density,  an  equation  is  obtained  between  the  velocity  of  the 
gas,  the  rate  at  which  the  temperature  varies,  and  the  rate  at  which 
the  pressure  varies,  the  coefficients  being  functions  of  the  absolute 
temperature  of  the  gas,  the  diameters  of  the  apertures,  and  the 
ratio  of  these  diameters  to  the  mean  range,  which  coefficients  are 
known  for  the  limiting  conditions  of  the  gas,  i.e.,  when  the  density  is 
either  very  small  or  very  large. 

The  most  general  form  of  this  equation  is — 

in  which  Q  is  the  mean  velocity  of  transpiration  along  the  tube,  which 
is  taken  in  the  direction  of  the  axis  of  x,  M  is  the  mass  of  a  molecule, 
J)  the  pressure  of  the  gas,  t  the  absolute  temperature,  and  c  the  semi- 
distance  across  the  tube. 

In  which  A,  m,  m'  depend  only  on  the  shape  of  the  section  of  the 
tube. 

-  I  is  of  the  order  -  when  -  is  zero,  and  is  finite  when  -  is  infinite, 

S/  8  8  8 

f\\-\  and  /J-)  are  unity  when  -  is  zero,  and  zero  when  -  is  infinite, 
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and 

/J  - 1  and  /ii-J  are  zero  when  -  is  zero,  and  nnity  when  -  is  infinite. 

All  these  functions  varying  continnonsly  between  the  limits  here 
ascribed.     Also — 

Xi  depends  on  the  nature  of  the  surface  of  the  tube,  but  not  upon 

the  nature  of  the  gas,  while 
Xi  and  Xj  may  depend  both  upon  the  gas  and  the  surface. 

From  this  equation,  which  is  the  general  equation  of  transpiration, 
the  experimental  results,  both  with  regard  to  thermal  transpiration 
and  transpiration  under  pressure,  are  deduced. 

Impulsion, 

In  dealing  with  the  second  case,  that  in  which  the  isothermal 
surfaces  are  curved,  the  three  conditions — steady  density,  momentum, 
and  energy — are  all  of  them  important. 

These  conditions  reduce  to  an  equation  between  the  motions  of  the 
gas  the  variation  in  the  absolute  temperature  and  the  variation  in  the 
pressure,  with  coefficients  which  involve  the  ratio  of  the  mean  range 
to  the  dimensions  of  the  radii  of  curvature  of  the  surfaces.  The 
equation  corresponds  to  the  equation  of  transpiration,  and  as  applied 
to  the  case  in  which  heat  is  being  conducted  through  a  gas  which  is 
constrained  to  remain  at  rest,  the  equation  becomes — 

p—pi     2 


2  ^a  M  d^    /  T  \ 


or  taking  «=  "^2^^ 


/4>  M   (P  /  r\ 


P-Pi 


p^Pi  being  the  excess  of  pressure  in  the  direction  of,  and  due  to,  the 
variation  of  temperature.  In  the  abstract  of  a  paper  read  in  April 
last.  Professor  Maxwell  gives  an  equation  which,  transformed  into  my 
symbols  is — 

_3/t"  U  (P  /  r\ 

p   T  dxAur 

which  only  differs  from  mine  in  the  coefficient  —  3.  As  Professor 
Maxwell  indicates  that  he  has  obtained  his  result  without  taking 
account  of  the  tangential  stresses,  this  difference  is  not  a  matter  of 
surprise. 

Besides  the  broad  lines  of  the  investigation  which  have  been  men- 
tioned in  this  abstract,  there  are  many  minor  points  of  which  it  is 
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impossible  to  convey  any  adequate  idea  without  going  ftilly  into  the 
subject. 

Some  idea  of  the  scope  of  the  investigation  may  be  gathered  from 
the  last  section  in  the  paper,  which  is  accordingly  introduced  here. 

Section  XIII, — Summary  and  Conclusion, 

Article  125.  The  several  steps  of  the  investigation  which  have  been 
described  may  be  enumerated  as  follows  : — 

(1.)  The  primary  step  from  which  all  the  rest  may  be  said  to  follow 
is  the  method  of  obtaining  the  equations  of  motion  so  as  to  take  into 
account  not  only  the  normal  stresses  which  result  from  the  mean 
motion  of  the  molecules  at  a  point,  but  also  the  normal  and  tangential 
stresses  which  result  from  a  variation  in  the  condition  of  the  gas 
(assumed  to  be  molecular).  This  method  is  given  in  Sections  VI, 
VII,  and  VIII. 

(2.)  The  method  of  adapting  these  equations  to  the  case  of  tran- 
spiration  through  tubes  and  porous  platea  is  given  in  Section  IX.  The 
equations  of  steady  motion  are  reduced  to  a  general  equation  expressing 
the  relation  between  the  rate  of  transpiration,  the  variation  of  pressure, 
the  variation  of  temperature,  the  condition,  of  the  gas,  and  the  lateral 
dimensions  of  the  tube. 

In  Section  X  is  shown  tbe  manner  in  which  were  revealed  the  pro- 
bable existence  (1)  of  the  phenomena  of  tliermal  transposition^  and  (2) 
the  law  of  correspondence  between  all  the  results  of  transpiration  with 
different  plates,  so  long  as  the  density  of  the  gas  is  inversely  propor- 
tional to  the  linear  lateral  dimensions  of  the  passages  through  the 
plates ;  from  which  revelations  originated  the  idea  of  making  the  ex- 
periment on  thermal  transpiration  and  transpiration  under  pressure. 

(3.)  It  is  also  shown  in  Section  X  that  the  phenomena  of  transpi- 
ration resulting  from  a  variation  in  the  molecular  constitution  of  the 
gas  (investigated  by  Graham)  are  also  to  be  deduced  from  the  equation 
of  transpiration. 

(4.)  The  method  of  adapting  the*  equations  of  motion  to  the  case  of 
impulsion  is  given  in  Section  XI. 

In  Section  XII  is  shown  how  it  first  became  apparent  that  the  ex- 
tremely low  pressures  at  which  alone  the  phenomena  of  the  radiometer 
had  been  obtained  were  consequent  on  the  comparatively  large  size  of 
the  vanes,  and  that  by  diminishing  the  size  of  the  vanes  similar  results 
might  be  obtained  at  higher  pressures,  whence  followed  the  idea  of 
using  the  fibre  of  silk  and  the  spider-line  in  place  of  the  plate  vanes. 

(5.)  In  Section  XII  it  is  also  shown  that  while  the  phenomena  of 
the  radiometer  result  from  the  communication  of  heat  from  a  surface 
to  a  gas.  as  explained  in  my  former  paper,  these  phenomena  also 
depend  on  the  divergence  of  the  lines  of  flow,  whence  it  is  shown  that 
all  the  peculiar  facts  that  have  been  observed  may  be  explained. 

VOL.  XltVIII.  ^  ^ 
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(6.)  Section  II,  Part  I,  contains  a  description  of  the  experiments 
undertaken  to  verify  the  revelations  of  Section  X  respecting  theitnal 
trcmspiraHon,  which  experiments  establish  not  only  the  existence  of 
the  phenomena,  but  also  an  exact  correspondence  between  the  results 
for  the  different  plates  at  corresponding  densities  of  the  gas. 

(7.)  Section  III  contains  a  description  of  the  experiments  on  trans- 
piration under  pressure  undertaken  to  veiify  the  revelations  of  Sec- 
tion X  with  respect  to  the  correspondence  between  the  results  to  be 
obtained  widi  plates  of  different  coarseness  at  certain  corresponding 
densities  of  gas,  which  experiments  proved  not  only  the  existence  of 
this  correspondence^  but  also  that  the  ratio  of  the  corresponding 
densities  in  these  experiments  is  the  same  as  the  ratio  of  the  corre- 
sponding densities  with  the  same  plates  in  the  case  of  thermal  trans- 
piration— a  fact  which  proves  that  the  ratio  depends  entirely  on  the 
plates. 

(8.)  Section  IV  contains  a  description  of  the  experiments  with  the 
fibre  of  silk,  and  with  the  spider- line  undertaken  to  verify  the  reve- 
lations of  Section  XII«  from  which  experiments  it  appears  that, 
with  these  small  surfaces,  phenomena  of  impulsion,  similar  to  those  of 
the  radiometer,  occur  at  pressure  but  little  less  than  that  of  the 
atmosphere. 

Condusion, 

Article  126.  As  regards  transpiration  and  impulsion,  the  investiga- 
tion appears  to  be  complete ;  most,  if  not  all,  the  phenomena  pre- 
viously known  have  been  shown  to  be  such  as  must  result  from  the 
tangential  and  normal  stresses  consequent  on  a  varying  condition  of  a 
molecularlj  constituted  gas ;  while  the  previously  unsuspected  phe- 
nomena to  which  it  was  found  that  a  variation  in  the  condition  of  gas 
must  give  rise,  have  been  found  to  exist. 

The  results  of  the  investigation  lead  to  certain  general  conclusions 
which  lie  outside  the  immediate  object  for  which  it  was  undertaken ; 
the  most  important  of  these,  namely,  that  gas  is  not  a  continuous 
plenum,  has  already  been  noticed  in  Article  5,  Part  I. 

Tlie  Dimensioiial  Properties  of  Gas, 

Article  127.  The  experimental  results  considered  by  themselves 
bring  to  light  the  dependence  of  a  class  of  phenomena  on  the  relations 
between  the  density  of.  the  gas  and  the  dimensions  of  the  objects 
owing  to  the  presence  of  which  the  phenomena  occur.  As  long  as 
the  density  of  the  gas  is  inversely  propoi*tional  to  the  coarseness  of  the 
plates  the  transpiration  resulta  correspond;  and  in  the  same  way, 
although  not  so  fully  investigated,  corresponding  phenomena  of  im-^ 
pulsion  are  obtained  as  long  as  the  density  of  the  gas  in  inversely 
proportional  to  the  linear  size  of  the  objects  exposed  to  its  action ; 
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in  ^t,  the  same  correspoadence  is  found  with  all  the  phenomena 
investigated. 

We  may  examine  this  result  in  various  ways,  but  in  whichever  way 
we  look  at  it,  it  can  have  but  one  meaning.  If  in  a  gas  we  had  to  do 
with  a  continuous  plenum,  such  that  any  portion  must  possess  the 
same  properties  as  the  whole,  we  should  only  find  the  same  properties, 
however  small  might  be  the  quantity  of  gas  operated  upon.  Hence, 
in  the  fact  that  we  find  properties  of  a  gas  depending  on  the  size  of 
the  space  in  which  it  is  enclosed,  and  on  the  quantity  of  gas  enclosed 
in  this  space,  we  have  proof  that  gas  is  not  continuous,  or,  in  other 
words,  that  gas  possesses  a  dimensional  structure. 

In  virtue  of  their  depending  on  this  dimensional  structure,  and 
liaving  afforded  a*  proof  thereof,  I  propose  to  call  the  general  pro- 
perties of  a  gas  on  which  the  phenomena  of  transpiration  and  impul- 
sion depend,  the  Dimensional  Fro^erties  of  Oas. 

This  name  is  also  indicative  of  the  nature  of  these  properties  as 
deduced  from  the  molecular  theory ;  for  by  this  it  appears  that  these 
properties  depend  on  the  mean  range,  a  linear  quantity  which,  cmteris 
paribus^  depends  on  the  distance  between  the  molecules. 

In  forming  a  conception  of  a  molecular  constitution  of  gas,  there  is 
no  difficulty  in  realizing  that  there  must  exist  such  dimensional  pro- 
perties ;  there  is,  perhaps,  greater  difficulty  in  conceiving  molecules 
so  minute  and  so  numerous  that  in  the  resulting  phenomena  all 
evidence  of  the  individual  action  is  lost ;  but  the  real  difficulty  is  to 
conceive  such  a  range  of  observational  power  as  shall  embrace,  on  the 
one  hand,  a  sufficient  number  of  molecules  for  their  individualities  to 
be  entirely  lost,  while,  on  the  other  hand,  it  can  be  so  far  localized  as 
regards  time  and  space,  that,  if  not  the  action  of  individuals,  the 
action  of  certain  groups  of  individuals,  becomes  distinguishable  from 
the  action  of  the  entire  mass.  Yet  this  is  what  we  have  in  the  phe- 
nomena of  transpiration  and  impulsion. 

Although  the  results  of  the  dimensional  properties  of  gas  are  so 
minute  that  it  has  required  our  utmost  powers  to  detect  them,  it  does 
not  follow  that  the  actions  which  they  reveal  are  of  philosophical  im- 
portance only ;  the  actions  only  become  considerable  within  extremely 
small  spaces,  birt  then  the  work  of  construction  in  the  animal  and 
vegetable  worlds,  and  the  work  of  destruction  in  the  mineral  world, 
are  carried  on  within  such  spaces.  The  varying  action  of  the  sun 
must  be  to  cause  alternate  inspiration  and  expiration,  promoting 
continual  change  of  air  within  the  interstices  of  the  soil  as  well  as 
within  the  tissue  of  plants.  What  may  be  the  effect  of  such  changes 
we  do  not  know,  but  the  changes  go  on ;  and  we  may  fairly  assume 
that,  in  the  processes  of  nature,  the  dimensional  properties  of  gases 
play  no  unimportant  part. 
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II.  "  Absorption  of  Gases  by  Charcoal.  Part  11.  On  a  new 
Series  of  Equivalents  or  Molecules."  By  R.  Angus  Smith, 
Ph.D.,  F.R.S.    Received  January  30,  1879. 

(Abstract.) 

In  the  "  Transactions  of  the  British  Association,"  1868,  Norwich,  on 
page  64  of  the  "  Abstracts,"  there  is  a  preliminary  notice  of  an  in- 
vestigation into  the  amount  of  certain  gases  absorbed  by  charcoal. 
I  made  the  inquiry  from  a  belief  previously  expressed  in  a  paper 
of  which  an  abstract  is  in  the  "Proceedings  of  the  Royal  Society,*' 
page  425,  for  1863.  I  said  in  that  paper  that  the  action  of  the  gas 
and  charcoal  was  on  the  border  line  between  physics  and  chemistry, 
and  that  chemical  phenomena  were  an  extension  of  the  physical ; 
also  that  the  gases  were  absorbed  by  charcoal  in  whole  volumes,  the 
exceptions  in  the  numbers  being  supposed  to  be  mistakes.  The 
results  given  were  : — 

Hydrogen    ^ 1 

Oxygen 7*99 

Carbonic  oxide 6*03 

Carbonic  acid 22*05 

Marsh-gas 1001 

Nitrous  oxide 1290 

Sulphurous  acid 36*95 

Nitrogen    4*27 

It  was  remarked  that  the  number  for  nitrogen  was  probably  too 
low ;  I  had  some  belief  that  the  charcoal  retained  a  certain  amount 
which  I  had  not  been  able  to  estimate. 

For  common  air,  the  number  40*065  crept  into  the  paper  or 
abstract  instead  of  the  quotient  7*06. 

I  considered  the  numbers  very  remarkable,  but  was  afraid  that 
they  would  be  of  little  interest  unless  they  could  be  brooght  more 
easily  under  the  eyes  of  others;  my  experiments  were  somewhat 
laborious ;  the  exact  numbers  were  seldom  approached  by  the  single 
analysis,  but  were  wholly  the  result  of  a  series  of  irregular  averages 
and  apparently  irregular  experiments.  The  cause  of  this  was  clear, 
as  I  believed,  namely,  the  irregular  character  of  the  charcoal  with 
which  I  had  to  deal.  The  experiments  which  I  had  published  were 
forgotten,  I  suppose,  by  most  men,  but  the  late  Professor  Graham 
told  mc  that  he  had  repeated  them  with  the  same  results  which  I  had 
given.  I  might  have  considered  this  sufficient,  but  waited  for  time 
to  make  a  still  more  elaborate  investigation  of  the  subject,  and  to 
take  special  care  with  oxygen,  in  the  belief  that,  the  rule  being  found. 


1879.]     Dr.  A.  Smith.    Absorption  of  Gases  by  ChareoaL         823 

the  rest  of  the  inqnirj  would  he  easy ;  this  was  extended  to  nitrogen, 
hut  not  hy  so  many  experiments  as  with  oxygen.  I  am  now  assured 
of  a  sound  foundation  for  inquiries,  which  must  take  their  beginning 
from  the  results  here  given. 

It  is  found  that  charcoal  absorbs  gases  in  definite  volumes,  the 
physical  action  resembling  the  chemical. 

Calling  the  volume  of  hydrogen  absorbed  1,  the  volume  of  oxygen 
absorbed  is  8.  That  is,  whilst  hydrogen  unites  with  eight  times  its 
weight  of  oxygen  to  constitute  water,  charcoal  absorbs  eight  times 
more  oxygen  by  volume  than  it  absorbs  hydrogen.  No  relation  by 
volume  has  been  hitherto  found  the  same  as  the  relation  by  weight. 

The  specific  gnivity  of  oxygen  being  16  times  greater  than  hydro- 
gen, charcoal  absorbs  8  times  16,  or  128  times  more  oxygen  by  weight 
than  it  does  hydrogen.    This  is  equal  to  the  specific  gravity  of  oxygen 

squared   and  divided  by  two  -—-,  or  it  is  the  atomic  weight  and 

specific  gravity  multiplied  into  each  other,  16  x  16,  and  divided  by  two 

H^=128. 
2 

Nitrogen  was  expected  to  act  in  a  similar  way,  but  it  refused. 

The  average  number  of  the  latest  inquiry  is  4*52,  but  the  diflficulty  of 

removing  all  the  nitrogen  from  charcoal  is  great,  and  I  suppose  the 

coiTcct  number  to  be  4*66.     Taking  this  one  as  the  weight  absorbed, 

14' 
14: X  4*66=65*3,  or  it  is  — ; —     Oxygen  is  a  dyad;  nitrogen  a  triad. 

We  have  then  carbonic  acid  not  divided,  but  simply  22  squared 
=484. 

Time  is  required  for  full  speculation,  but  the  chemist  must  be  sur- 
prised at  the  following : — 

Carbonic  oxide      6  volumes. 

Carbonic  acid,  CO2 6+16         „  =22 

Marsh-gas,  CH4     6+4  „  =10 

Protoxide  of  nitrogen,  NO 8+4*66  (N)  (4*9)  12  '466. 

These  four  results  belong  to  the  early  group  not  corroborated  lately, 
but  so  remarkably  carrying  out  the  principle  of  volume  in  this  union 
giving  numbers  the  same  as  those  of  weight  in  chemical  union,  that 
they  scarcely  require  to  be  delayed. 

I  am  not  willing  to  theorize  much  on  the  results;  it  is  here  suffi- 
cient to  make  a  good  beginning.  We  appear  to  have  the  formation  of 
a  new  series  of  molecules  made  by  squaring  our  present  chemical  atoms, 
and  by  certain  other  divisions  peculiar  to  the  gases  themselves.  Or  it 
may  be  that  the  larger  molecule  exists  in  the  free  gas,  and  chemical 
combination  breaks  it  up.  These  new  and  larger  molecules  may  lead 
i:s  to  the  understanding  of  chemical  combinations  \xl  ot^jbiS^^  ^veq^<bX!T^^ 
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and  whenever  there  is  union  not  very  firm,  and  may  also  modify  some 
of  our  opinions  on  atomic  weights  and  the  motion  of  gases. 

Of  course,  I  cannot  pretend  to  give  the  result  of  these  results ;  but 
as  we  have  here  the  building  up  of  a  molecule  by  volumes,  so  as 
to  form  an  equivalent  of  physical  combination  analogous  to  the 
chemical  equivalent,  it  is  impossible  to  avoid  seeing  that  it  indicates 
the  possibility  of  our  present  equivalents  being  made  up  in  a  similar 
manner. 

I  did  not  expect  these  numbers ;  but  I  certainly,  as  my  previous 
paper  showed,  had  in  fnll  view  a  necessity  for  some  connexion 
between  physical  and  chemical  phenomena  more  decided  than  we 
possessed. 


February  13,  1879. 

W.  SPOTTISWOODE,  M.A.,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I,  **  Note  on  the  Development  of  the  Olfactory  Nerve  and  Ol- 
factory Organ  of  Vertebrates."  By  A.  Milnes  Marshall, 
M.A.,  D.Sc,  Fellow  of  St.  John's  College,  Cambridge. 
Communicated  by  W.  S.  Savory,  F.R.S.,  Surgeon  to  and 
Lecturer  on  Surgery  at  St.  Bartholomew's  Hospital.  Re- 
ceived January  30,  1879. 

In  the  conrse  of  an  investigation  into  the  development  of  the 
cranial  nerves  of  the  chick,  certain  facts  came  to  light  indicating  that 
the  olfactory  nerve,  instead  of  being,  as  usually  described,  a  structure 
differing  totally  in  its  mode  of  origin  from  all  the  other  nerves  in  the 
body,  in  reality  "  exactly  corresponds  in  mode  of  deirelopment  and 
in  appearance  with  the  other  cranial  nerves,  and  with  the  posterior 
roots  of  the  spinal  nerves.*** 

The  present  paper  contains  the  results  of  further  investigations  on 
this  point ;  it  deals  also  with  some  features  in  the  development  of  the 
vertebrate  olfactory  organ,  and  with  certain  questions  of  a  more 
general  nature  affected  by  the  conclusions  arrived  at. 

'  "Froc.  Boj,  Soc.,'*  toI.  xxtI,  p.  60,  and  "  Quarterly  Journal  of  Microscopical 
Seieaoe/' January,  1878,  pp.  17-23. 
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Th-e  Development  of  the  Olfactory  Nerve, 

For  the  sake  of  clearness  the  more  important  coiicliisions  are  stated 
in  the  form  of  propositions : — 

a.  The  olfactory  nerves  do  not  arise  from  tJte  cerebral  hemispheres,  but 
from  the  single  unpaired  forebrain. 

In  chick  embryos  of  about  the  fiftieth  hour,  or  a  little  older,  the 
olfactory  nerves  can  be  clearly  recognized  arising  from  the  upper 
part  of  the  sides  of  the  forebrain.  At  this  stage  there  is  no  trace 
whatever  of  the  cerebral  hemispheres.  The  olfactory  nerves  then 
come  into  existence  before  the  cerebral  hemispheres,  and  therefore 
cannot  be  derived  from  them.  The  hemispheres  are  developed  in  the 
chick  as  lateral  outgrowths  from  the  upper  part  of  the  forebrain ;  at 
first  the  olfactory  nerves  have  no  connexion  with  them,  beyond  that  of 
close  proximity ;  but  very  soon  the  hemispheres,  by  their  rapid  growth 
forwards,  drive  the  nerves  down  to  the  base  of  the  brain,  and  so  make 
the  nerves  appear  to  arise  from  their  under  and  anterior  part. 

This  account  is  confirmed  in  all  points  by  observations  on  duck 
embryos,  which  show  clearly  that  the  connexion  of  the  olfactory 
nerves  with  the  cerebral  hemispheres  is  not  of  a  primary  but  of  a 
secondary  or  adaptative  nature. 

In  the  dogfish  (Scy Ilium)  the  forebrain  is,  as  has  been  already 
shown  by  Balfour,*  single  and  unpaired  up  to  stage  O,  presenting 
till  then  no  trace  whatever  of  a  division  into  cerebral  hemispheres : 
the  olfactory  nerves  are,  however,  well  developed  structures  by 
stage  M;  at  which  period  they  can  be  seen,  in  transverse  sections 
through  the  anterior  part  of  the  head,  arising  from  the  upper  part  of 
the  sides  of  the  forebrain  and  rnnning  downwards  to  the  olfactory 
pits.  The  nerves  can  be  recognized,  though-  with  less  distinctness, 
at  still  earlier  stages. 

The  olfactory  nerves  of  the  salmon  and  of  the  trout  can,  in  a 
similar  manner,  be  identified  before  the  cerebral  hemispheres  have 
come  into  existence ;  and  the  same  statement  applies  to^tfhe  axolotl. 

b.  There  is  no  trace  of  an  olfactory  lobe  in  tlie  early  stages  of  develop^ 
merit  of  the  olfactory  nerve. 

Since  the  olfactory  lobes  are  commonly  described  as  "  hollow  out- 
growths of  the  cerebral  hemispheres,**  and  the  olfactory  nefves  have 
just  been  shown  to  arise  quite  independently  of  the  cerebral  hemi- 
spheres, this  second  proposition  is  in  reality  already  proved  by  the 
first.  However,  as  the  existence  of  olfactory  lobes  has  been  supposed 
to  separate  the  olfactory  from  the  other  cranial  nerves,  it  becomes 
necessary  to  investigate  carefully  the  time  and  conditions  of  their 
appearance. 

In  the  chick  the  olfactory  nerve  is  in  its  early  stages  solid,  and 

*  "Elasmobranch  FiBhes."  p.  178. 
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from  a  histological  point  of  view  differs  in  no  appreciable  respect 
from  the  other  cranial  nerves  at  corresponding  stages  of  their  develop- 
ment. At  the  end  of  the  sixth  day  of  incubation  the  nerve,  which  is 
now  of  some  length,  has  acquired  its  secondary  connexion  with  the 
cerebral  hemisphere  in  the  manner  described  above  ;  yet  the  nerve  is 
still  solid  along  its  whole  length,  and  presents  no  trace  whatever  of 
an  olfactory  lobe,  or  hollow  outgrowth  from  the  brain.  By  the  end 
of  the  seventh  day  a  very  small  conical  pit  is  visible  in  the  wall  of  the 
cerebral  hemisphei'e  at  the  point  of  origin  of  the  olfactory  nerve. 
This  pit,  which  is  the  earliest  rudiment  of  the  olfactory  lobe,  is  formed 
almost  entirely  at  the  expense  of  the  inner  wall  of  the  hemisphere,  so 
that  there  is  hardly  any  corresponding  projection  on  the  outside  of 
the  brain. 

The  development  of  the  olfactory  lobe  in  the  dogfish  closely 
resembles  that  in  the  chick :  at  stage  M  there  is  no  trace  whatever  of 
a  lobe,  though  the  olfactory  nerves  are  large  and  conspicuous  struc- 
tures. At  a  stage  a  little  younger  than  Balfour's  stage  O,  the  first 
rudiment  of  an  olfactory  lobe  appears,  as  a  slight  lateral  bulging  of 
the  side  of  the  forebrain,  at  the  point  of  origin  of  the  olfactory  nerve  : 
this  increases  rapidly,  much  more  so  indeed  than  the  nerve  itself  ;  by 
stage  Q  it  is  a  tolerably  prominent  structure,  and  in  the  later  stages 
it  becomes  considerably  larger  than  the  nerve  proper.* 

Stage  O  in  the  development  of  a  dogfish  embryo  corresponds  to 
about  the  sixth  day  in  the  chick,  so  that  there  is  a  close  agreement  iu 
time  as  well  as  in  mode  of  development  of  the  olfactory  lobe  in  these 
two  types.  In  the  dogfish,  however,  the  olfactory  lobes  appear  before 
the  cerebral  hemispheres  are  differentiated,  and  consequently  arise 
from  the  forebrain  ;  while  in  the  chick  the  hemispheres  are  developed 
rather  earlier,  and  the  olfactory  lobes  arise  as  direct  outgrowths  from 
them,  and  not  from  the  original  forebrain. 

In  the  salmon  and  trout,  from  the  earliest  period  at  which  the 
existence  of  an  olfactory  nerve  can  be  recognized  up  to  the  time  of 
hatching,  and  indeed  for  some  little  time  afterwards^  there  is  no  trace 
of  an  olfactory  lobe. 

The  existence  of  an  olfactory  nerve  without  any  trace  of  an  olfactory 
lobe  has  also  been  established  in  the  earlier  embryonic  stages  of  the 
axolotl,  of  the  common  frog,  and  of  the  green  lizard. 

The  olfactory  nerve  of  an  adult  vertebrate  is  commonly  described 
as  consisting  of  three  parts,  a  proximal  element  or  olfactory  tracts  an 
intermediate  olfactory  bulh^  and  a  distal  olfactory  nerve  proper,  the  two 
former  of  these  corresponding  to  the  olfactory  lobe  or  vesicle  of  the 
embryo.     From  the  descriptions  given  above  it  would  appear  that  the 

*  Cf.  Bairour.  op.  city  p.  178,  and  Plate  15,  figs.  2  and  8a.     Balfour  has  not  ob- 
gerred  the  olfactory  nerves  earlier  than  stage  O,  and  therefore  describes  them  as 
outgrowths  from  the  olfdctory  lobes. 
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third  of  these  elements — the  olfactory  nerve  proper — is  the  earliest 
to  be  developed,  and  that  the  olfactory  tract  and  bulb,  when  present 
at  all,  do  not  appear  till  an  exceedingly  late  period  of  development — 
a  period  so  late  indeed  that  their  ultimate  presence  affords  no  ground 
whatever  for  separating  the  olfactory  from  the  other  cranial  nerves. 

c.  The  olfactory  nerve  is  a  primary  nerve,  comparable  to  the  segmental 
cranial  nerves. 

Certain  of  the  cranial  nerves,  e.g.,  the  facial  and  glossopharyngeal, 
have  long  been  recognized  as  possessing  segmental  valne.  These  seg- 
mental nerves  in  the  early  stages  of  their  development  possess  certain 
characters  in  common,  which  serve  to  distinguish  them  sharply  from 
other  nerves  or  branches  of  nerves ;  of  these  characters  the  following 
are  the  most  important : — (1)  They  appear  very  early;  (2)  they  arise 
(at  least  in  the  chick)  from  the  nearal  ridge  on  the  mid-dorsal  surface 
of  the  brain  ;  (3)  shortly  after  their  appearance  their  roots  undergo  a 
shifting  downward  of  their  points  of  attachment,  so  that  they  no  longer 
arise  from  the  dorsal  surface,  but  from  the  sides  of  the  brain ;  (4)  they 
present,  at  least  in  their  early  stages,  ganglionic  enlargements  on,  or 
close  to,  their  roots  of  origin  ;  (5)  their  course  is  at  right  angles*  to  the 
longitudinal  axis  of  the  head  ;  (6)  and,  finally,  they  have  very  definite 
relations  to  the  segments  as  indicated  by  the  visceral  clefts,  each  nerve 
supplying  the  two  sides  of  a  cleft. 

In  all  these  points  the  olfactory  nerve  agrees  very  closely  with  the 
segmental  nerves  : — (1)  It  appears  very  eady  in  all  the  types  examined, 
and  in  the  chick  it  seems  to  be  one  of  the  very  first  nerves  in  the  body 
to  be  developed ;  (2)  there  is  also  strong  reason  for  thinking  that,  in 
the  chick,  the  olfactory  nerve  is  developed  from  the  neural  ridge  ;* 

(3)  its  point  of  attachment  to  the  brain  undergoes  a  shifting  of  pre- 
cisely similar  nature   to   that  presented  by  the  segmental   nerves ; 

(4)  its  direction  is  at  right  angles  to  the  longitudinal  axis  of  the  head, 
so  that  were  the  cranial  flexure  to  be  corrected,  and  the  head  straight- 
ened out,  the  course  of  the  olfactory  nerve  would  be  parallel  to  that  of 
the  segmental  nerves ;  (5)  it  possesses  a  ganglionic  enlargement  at  its 
point  of  origin  from  the  brain ;  (6)  and,  finally,  an  attempt  will  be 
made  in  the  second  part  of  this  paper  to  show  that  it  supplies  the  two 
sides  of  a  visceral  cleft. 

Since,  then,  the  olfactory  nerves  do  not  differ  embryologically  in 
any  material  respect  from  the  segmental  cranial  nerves,  they  must  be 
regarded  as  the  first  or  most  anterior  pair  of  true  segmental  cranial 
nerves. 

The  Development  of  the  Olfactory  Organ, 
This  will,  in  the  absence  of  figures,  be  treated  very  briefly ;  those 

•  For  a  discussion  of  this  point,  vide  "  Quart.  Joum.  Micro.  Science,"  »Taniiary, 
1878.  pp.  18,  19. 
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points  only  being  noticed  which  are  of  special  interest  in  connexion 
with  the  conclusions  arrived  at  in  the  preceding  part  of  the  paper. 

The  olfactory  pits  appear  at  almost  the  same  time  as  the  visceral 
clefts ;  or,  to  speak  more  accurately,  they  first  become  conspicuous 
objects  at,  or  very  shortly  after,  the  time  when  the  anterior  visceral 
clefts  become  open  to  the  exterior.  This  occurs  about  stage  K  in  the 
dogfish,  and  about  the  fiftieth  hour  in  the  chick. 

In  their  early  stages  the  olfactory  pits  present  a  striking  resem- 
blance to  the  visceral  clefts  in  position,  shape,  size,  and  general  rela- 
tions ;  their  external  apertures  elongate  and  become  slit-like,  and  the 
direction  of  the  slit,  like  that  of  the  visceral  clefts,  is  at  right  angles 
to  the  longitudinal  axis  of  the  head.  These  facts  are  best  illustrated 
by  the  study  of  whole  embryos,  and  of  longitudinal  vertical  sections.* 
They  come  out  with  great  clearness  in  all  the  types  of  vertebrates 
examined,  but  with  especial  distinctness  in  the  axolotl  and  salmon. 

The  development  of  the  Schneiderian  folds  presents  several  points 
of  great  interest,  which  can  be  most  favourably  studied  in  the  Elasmo- 
branchs.  Attention  has  already  been  directed  by  Balfourf  to  the  very 
early  Appearance  of  these  folds.  The  important  point,  so  far  as  the 
present  question  is  concerned,  is  that  these  Schneiderian  folds  appear  at 
the  same  time  as,  or  very  shortly  after,  the  first  rudiments  of  the  gills. 
In  addition  to  this  identity  in  time,  there  is  also  identity  in  structure ; 
in  both  cases  development  consists  in  the  formation  of  a  series  of  equal, 
closely  apposed  folds,  mainly  epithelial,  but  involving  the  underlying 
mesoblast  to  a  certain  extent.  These  folds  are  in  the  two  cases — gills 
and  Schneiderian  folds — of  the  same  width,  the  same  distance  apart, 
have  epithelium  of  the  same  thickness  and  same  histological  character, 
involve  the  mesoblast  to  exactly  the  same  extent,  and  in  exactly  the 
same  manner ;  in  a  word,  are  structurally  identical. 

In  the  later  stages  the  Schneiderian  folds,  like  the  gills,  receive  a 
very  abundant  supply  of  blood-vessels ;  and  the  relations  of  these 
vessels  to  the  folds,  which  are  very  peculiar  and  characteristic,  are 
identical  in  the  two  cases.  Even  in  the  adult  Elasmobranch  there  is  a 
remarkable  histological  resemblance  between  the  gills  and  the  nose. 

The  facta  above  recorded  concerning  the  development  of  the  olfactory 
nerve  and  olfactory  organ  point  towards  the  same  conclusions  as  to 
morphology  of  these  structures,  viz.,  that  the  oifactory  organ  is  the 
visceral  cleft ;  that  the  olfactory  nerve  is  the  segmental  nerve  supply- 
ing that  cleft  in  a  manner  precisely  similar  to  that  in  which  the  hinder 

*  For  figures  of  whole  embrjoe  illustrating  the  point-s  referred  to,  vide  Parker, 
"  On  the  Structure  and  Development  of  the  Skull  in  Sharks  and  Skates,"  "  Tran?. 
Zool.  Soc.,"  vol.  X,  part  iv,  1878,  PI.  25,  fig.  1 ;  PL  39,  figs.  1  and  2  ;  PL  40,  fig.  1 ; 
and  Balfour,  op.  cit.,  PL  7,  Stage  L. 

t  Op.  eii„  p.  184,  and  PL  44.  fig.  14. 
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clefts  are  supplied  bj  their  respective  nerves ;  and  that  the  Schneiderian 
folds  are  gills.* 

These  conclusions,  if  accepted,  will  considorablj  simplify  onr  con- 
ception of  the  segmentation  of  the  vertebrate  head.  As  there  are  no 
nerves  or  clefts  in  front  of  the  olfactory  segment,  the  olfactory  nerve 
must  be  taken  as  the  most  anterior  nerve,  and  the  nose  as  the  most 
anterior  cleft.  The  next  cleft  is  that  in  front  of  the  maxillo-palatine 
arch,  of  which  a  part  probably  persists  in  the  adult  as  the  lachrymal 
duct :  the  segmental  nerve  corresponding  to  this  cleft  is  the  third,  or 
oculomotor  nerve.  Next  comes  the  mouth  cleft,  supplied  by  the  fifth, 
or  trigeminal,  nerve  ;  and  then  in  succession  the  clefts  supplied  by  the 
facial,  glossopharyngeal,  and  pneumogastric  nerves.  This  view  of  the 
constitution  of  the  vertebrate  head  is  found  to  accord  well  with  the 
later  researches  of  Professor  Parker  on  the  morphology  of  the  skeletal 
elements  of  the  head. 

Some  at  least  of  the  labial  cartilages  will  probably  prove,  on  this 
view,  to  be  homologaes  of  the  extrabranchials,  a  comparison  that  has 
already  been  made  by  Professor  Parker.t 

If  the  olfactory  organs  are  visceral  clefts,  they  must  originally  have 
communicated  with  the  mouth  cavity.  Indications  of  a  former  con- 
nexion of  this  kind  are  by  no  means  wanting ;  thus  in  salmon  embryos 
the  alimentary  canal  extends  forwards,  so  as  to  underlie  the  nasal  sacs : 
as  development  proceeds,  this  anterior  prolongation  of  the  mouth 
cavity  gradually  shrinks ;  it  persists  for  a  short  time  as  a  pair  of  caacal 
diverticula,  which  ultimately  disappear  altogether. 

In  conclusion,  it  may  be  noted  that  the  Schneiderian  folds  afford  an 
instance,  on  tJie  theory  here  maintained,  of  structures  originally  hypo- 
blastic  in  nature  becoming,  from  changed  circumstances,  epiblastic. 


II.  "  On  the  Development  of  the  Skull  and  its  Nerves  in  the 
Green  Turtle  {Chelotie  midas),  with  Remarks  on  the  Seg^ 
mentation  seen  in  the  Skull  of  various  types."  By  Pro- 
fessor W.  K.  Parker,  F.R.S.    Received  February  3,  1879. 

In  the  first  paper  on  the  development  of  the  skull  of  the  Vertebrata, 
published  in  '*  Phil.  Trans.,"  I  figured  and  described  certain  modifica- 
tions of  the  skull  in  the  embryos  of  the  African  ostrich,  which  have 
only  received  their  explanation  lately,  and  this  has  become  possible 
through  what  I  see  in  the  embryos  of  the  green  turtle. 

For  these  embryos  I  am  indebted  to  two  of  our  Fellows,  namely, 

•  Cf.  Dohrn,  "  Ursprung  der  Wirbelthier©,"  p.  23. 
t  "  Proc.  Zool.  Soc.,"  vol.  x,  part  i?,  1878,  p.  212. 
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Sir  Wyville  Thomson  and  Mr.  H.  N.  Moseley ;  tbe  latter  (who  made 
the  collection  in  the  Island  of  Ascension),  sending  me  the  smaller 
specimens,  and  the  former  the  ripe,  and  nearly  ripe  young. 

Through  the  liberality  and  kindness  of  these  gentlemen,  I  am  pnt  in 
possession  of  an  invalnable  series  of  specimens,  several  dozens  in  nnmber ; 
the  smallest  being  only  half  an  inch  long  measured  along  its  curve. 

Sir  Wyville  Thomson,  having  accepted  my  ofEer  of  the  memoir  I 
am  preparing  on  this  type  of  reptile  for  the  "Challenger"  Series  of 
papers,  I  am  anxious  to  lay  before  the  Royal  Society  some  at  least  of 
the  results  which  I  have  obtained  ;  so  that  there  may  be  a  connexion 
kept  up  between  my  papers,  and  this  slow  ingathering  of  results  be 
garnered  in  known  places,  for  the  benefit  of  those  who  will  sift  and 
use  them. 

I  have  for  many  years  been  familiar  with  the  existence  of  both 
paired  and  unpaired  elesnents  in  the  spine  and  hinder  part  of  the 
skull :  and  also  with  the  three  cartilages  that  build  up  the  fore  part  of 
the  chondro-oranium. 

My  attention,  however,  having  been  directed  most  to  the  symme- 
trical prO'Chordal  bands, — the  middle  and  fore  part  of  the  ti'abeculae 
cranii,— the  anterior  azygous  cartilage,  although  always  before  my 
eyes,  has  never,  until  lately,  received  the  attention  it  deserves. 

In  my  first  paper  (on  the  skull  of  the  ostrich  tribe)  I  held  views 
with  regard  to  the  trabeculaB  which  I  hold  now;  but  there  has  been 
an  intermediate  period  in  which  I  have  fallen  into,  what  I  must  now 
consider  to  be  a  serious  error. 

This  error  lay  in  the  placing:,  both  by  Professor  Huxley  and  myself, 
of  the  trabeculeB  cranii  in  the  category  of  visceral  arches. 

Both  of  us  have  known  for  many  years  that  the  hinder  part  of  the 
trabeculflB  of  the  newt  are  para-chordal,  and  I  more  recently  discovered 
that  the  hinder  part  of  the  basi-cranial  plate  is  developed  separately 
in  the  Amphibia. 

Professor  Huxley  restricts  the  term  "  para-chordal  "  to  these  hinder 
plates ;  I  am  satisfied  that  the  term  must  have  a  wider  application. 

Nevertheless,  what  the  Selachians,  and  all  types  above  the  Ichthy- 
opsida  show,  satisfies  me  that  Rathke  was  right  in  considering  the 
trabeculsa  to  be  mere  continuations  of  the  moieties  of  the  basal  plate 
or  "investing  mass." 

I  quite  agree  with  Mr.  Balfour  in  looking  upon  the  whole  of  these 
tracts,  right  and  left,  to  be  the  undivided  representatives  of  the  paired 
neural  arches  of  the  spinal  region,  where,  as  a  rule,  they  are  distinct 
from  each  other,  and  are  developed  between  the  spinal  nerves,  being 
inter-  segmental . 

I  am  satisfied  that  dying  out  of  the  notochord  in  front  does  not 
affect  the  real  nature  of  the  j^ro-chordal  tracts. 

Until  I  uudorstood  the  development  of  the  pituitary  body,  its  rela* 
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tion  to  the  notochord  was  considered  bj  me  to  be  that  of  direct  obstmc- 
tion  to  the  forward  growth  of  that  rod. 

I  now,  see,  however,  that  this  azygous  stmctnre,  the  true  skeletal 
axis,  which  is  early  separated  from  the  hy})obla8t,  begins  to  starve  at 
its  fore  end,  before  the  pituitary  body  is  formed. 

The  main  part  of  the  hypoblast,  as  a  rule,  is  arrested  just  behind 
the  oral  involution ;  and  above  that  point  the  notochord  ceases  to 
grow. 

At  first,  as  Mr.  Balfour  shows,  this  rod  is  hooked  downwards  in 
front,  for  it  follows  exactly  the  curve  of  the  mid- brain. 

There  is,  however,  at  the  time  of  its  arrest,  no  physical  obstacle  to 
stop  its  growth  still  further  forwards  beneath  the  fore-brain,  to  the 
utmost  limit  of  the  frontal  wall  of  the  embryo. 

Thus  the  primary  skeletal  axis  stops  and  shrinks  by  what  may  be 
called  an  anticipation  of  the  obstructing  wall  that  will  be. 

Here  is  something  in  morphology  resembling  hereditary  instinct  in 
zoology. 

The  segmentation  of  the  embryo  is  at  first  altogether  that  which  is 
seen  in  the  somatomes,  and  after  these  have  become  converted  into 
the  muscle-plates  a  new  alternating  segmentation  takes  place,  so  that 
the  short  muscular  bands  can  work  and  produce  the  vermicular  con- 
tractions of  the  embiyo. 

The  tissue  which  becomes  the  vertebrae  is  primarily  marked  out  into 
serial  parts  in  conformity  with  the  segmental  cell  masses  that  form 
the  muscle-plates. 

Very  soon,  however,  a  new  segmentation  takes  place,  and  the 
primordial  vertebi*86  are  intermediate  to  the  muscular  masses. 

This  secondary,  intercalary  vertebrate  segmentation  is  very  slightly 
developed  in  the  head. 

For  a  good  while  in  all  the  Vertebrates,  and  permanently  in  some, 
the  mesoblastic  sheath  of  the  notochord  becomes  a  continuous  carti- 
lage ;  in  all  but  the  lower  forms  this  undergoes  segmentation  to  form 
the  "bodies"  of  the  vertebree. 

In  the  head,  as  a  rule,  this  second  sheath  of  the  notochord  is  but 
little  developed,  and  has  a  very  slight  degree  of  separateness  from  the 
investing  paired  cartilages — para-chordals,  and  hinder  part  of  the  tra- 
beculsB. 

In  the  Selachians,  however,  it  is  well  developed,  and  in  them  the 
distinction  between  head  and  body  by  means  of  the  occipito-atlantal 
articulation  is  late ;  in  some  Batrachians,  notably  in  the  huge  tadpoles 
of  Pseudis  paradoiBa^  before  the  limbs  are  grown,  this  cartilaginous 
sheath  of  the  notochord  is  large  and  thick. 

The  distinction  between  the  hind  and  fore  parts  of  the  skull  is 
greater  by  far  than  the  distinction  between  the  vertebral  column  and 
the  hind  part  of  the  head. 
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For  this  latter  region  has,  in  common  with  the  spine,  the  notochord, 
its  mesoblastic  sheath,  paired  neural  and  hsBmal  elements,  besides  a 
hypoblastic  lining  to  the  digestive  tube  beneath. 

Moreover,  there  is  a  great  tendency  to  produce  vertebree  in  the  hind 
part  of  the  head  in  some  Vertebrata ;  in  several  of  the  Urodelous  Am- 
phibia there  are  three  rudimentary  vertebrae  in  front  of  the  "atlas." 

Thus  the  scant  growth  of  the  hypoblast  in  the  cephalic  region  of 
the  blastoderm,  would  appear  to  be  one  of  the  causes  of  the  extreme 
modification  of  the  head  as  compared  with  the  spinal  column.* 

We  shall  have  made  a  great  stroke  in  embryology  when  we  have 
explained  the  peculiar  behaviour  of  the  epiblastic  covering  of  the  fore- 
part of  the  head. 

There,  the  oral  involution,  which  is  formed  from  epiblast,  turns 
inwards  and  upwards  into  the  fore-part  of  the  hollow  under  the  mid- 
brain, and  grafts  itself  upon  the  back  of  the  down-turned  fore-brain, 
itself  of  epiblastic  origin ;  thus  the  pituitary  body  is  formed. 

In  all  available  interspaces  the  mesoblast  of  the  fore  half  of  the 
head  grows  in  and  forms  the  supporting  structures,  and  the  vascular 
supply. 

But  now  there  arises  this  question — are  the  mesoblastic  structures 
of  the  cranium  in  the  j?ro-chordal  region  perfectly  homologous  with 
those  in  the  j?ara-chordal,  whether  cephalic  or  spinal  ? 

In  endeavouring  to  answer  this  question,  I  m  ast  return  to  the  point 
at  which  I  started,  where  it  was  mentioned  that  there  existed  an  un- 
paired pro-chordal  cartilage  between  the  symmetrical  trabecules. 

This,  in  the  fore-part  of  the  chondro-cranium,  is  a  familiar  part — 
pre-nasal  rostrum  ("  Ostrich's  Skull,"  Plate  7,  |?,  n)  ;  its  largest 
development  is  in  the  skate,  saw-fish,  and  whale. 

But  the  perpendicular  ethmoid  and  septum  nasi  are,  in  reality,  other 
parts  of  the  same  azygous  cartilage  (see  "  Frog's  Skull,"  Plate  6, 
figs.  9, 10)  ;  in  the  Batrachia  I  have  studied  the  development  of  this 
median  part  in  a  large  number,  both  of  individuals  and  species. 

But  its  real  character  is  best  seen  in  my  second  and  third  stages  of 
the  embryos  of  Chelone  midas  ;  these  measured  along  their  curves  are 
respectively  two-thirds  of  an  inch  and  one  inch  and  a  quarter  in 
length. 

In  the  younger  of  these  the  trabecules  are  like  those  of  the  frog 
and  Selachian,  but  they  stop  short  and  end  in  a  somewhat  out-turned 
'^  cornu  "  behind  the  nasal  sacs ;  they  are  fiat  in  front  and  rounded 
behind. 

*  Since  tho  aboTO  was  written,  Dr.  Milnes  Marshall  has  shown  me  that  in  the 

embryo  of  the  salmon  the  hypoblast,  at  first,  runs  forwards  to  the  nasal  sacs,  and 

ends  in  a  blind  cavity  behind  the  frontal  wall  in  the  fore  {Mirt  of  the  palate.    One  of 

my  own  figures  shows  this  ("  Salmon's  Skull,'*  Plate  2,  fig.  10) ;  I  noticed  and 

Bgured  this  upper  pre-oral  recess,  but  could  not  interpret  its  meaning. 
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Between  these  there  is  another  (azygons)  rod ;  this  passes  between 
the  trabecnlae  behind,  it  lies  on  a  lower  plane,  and  ends  where  the  front 
of  the  pituitary  bodj  vnll  he,  for  this  part  is  only  forming  as  yet. 

In  front  this  rounded  rod  runs  forwards  to  the  anterior  wall  of  the 
head ;  not  so  the  trabeculae,  for  they,  unlike  what  is  seen  in  the 
Batrachia,  are  behind  the  nasal  sacs,  and  never  pass  far  into  that 
region. 

In  the  frog,  and  his  congeners,  they  form  a  broad  floor  to  the  nasal 
labyrinth. 

At  any  earlier  stage  than  this  the  uotochord  with  at  least  a  film  of 
mesoblast,  ensheaihing  the  intrinsic  sheath,  might  have  stretched  itself 
to  the  point  where  this  pre-pituitary  rod  ends  behind  ;  but  it  took  an 
upward  course,  and,  following  the  curve  of  the  mid-brain,  turned 
down  again,  and  then  stopped  short. 

I  cannot  see  what  other  explanation  of  this  solid  rod  can  be  given 
than  that  it  is  the  true  homologue  of  the  mesoblastic  cartilaginous 
sheath  of  the  notochord  ;  it  is  solid  because  it  has  nothing  to  enclose. 

Mr.  Balfour  is  quite  right  in  saying  that  the  mesocephalic  flexure  is 
only  apparently  recovered  from ;  the  head,  indeed,  has  its  axis  per- 
manently shortened  by  this  bend  of  the  mid-brain  on  itself. 

Indeed,  the  skull  is  shortened  by  this,  as  a  dress  is  shortened  by 
having  a  ''  tuck  ''  taken  up  in  it ;  or  as  a  river  shortens  itself  when  it 
cuts  out  a  new  channel  at  the  base  of  a  sharp  bend. 

The  *'  post- pituitary  wall  "  lies  in  the  axis  of  the  arched  space  formed 
by  the  bend  of  the  mid-brain  on  itself ;  it  is  extremely  large  in  the 
embryo  of  the  green  turtle. 

It  must  be  considered  that  the  frontal  wall  is  not  the  organic  end  of 
the  embryo,  but  the  upper  surface  of  that  end. 

The  fore-brain  looks  directly  downwards,  and  even  a  little  back- 
wards ;  the  olfactory  nerves  arise  from  its  anterior  ( =  superior)  sur- 
face, and  the  '*  infundibulum  *'  buds  out  to  meet  the  oral  involution 
on  the  posterior  (=  inferior)  surface  of  the  fore- brain. 

We  thus  see  that  the  true  organic  punctum  terminale  must  lie 
between  these  two  parts,  the  olfactory  nerve  and  infundibulum,  and 
therefore  it  looks  downwards,  and  a  little  backwards. 

So  when  the  trabeculfle  cranii  grow  to  the  frontal  wall  they  in  reality 
turn  upwards,  and  embrace  the  dorsal  region  of  the  front  of  the  head. 

Thus,  it  is  evident  that  if  we  can  trace  the  notochord  to  the  back 
of  the  pituitary  body,  we  have  found  it  reaching,  very  nearly,  the 
fore-end  of  the  embryo. 

Now,  in  my  third  stage  of  Chelone  midas  the  notochord  turns  round 
in  the  post-clinoid  upgrowth  of  the  basal  plate,  and  the  sheath  in  its 
descending  part  becomes  solid,  and  ends  behind  the  lobules  of  the 
rudimentary  pituitary  body  as  a  tear-shaped  drop  or  lump  ,of  car- 
jtilage. 
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If  the  head  had  been  straight,  this  drop  of  cartilage  would  have 
reached  its  fore-end  directly  below  the  first  nerves, 

I  shall  retnm  to  this  part  of  the  subject  in  the  latter  half  of  my 
paper. 

The  visceral  or  inferior  arches  of  the  head  are  as  diverse  from  the 
costal  arches  as  the  axial  parts  of  the  head  are  from  those  of  the 
body. 

That  splitting  of  the  mesoblast,  which  forms  the  "  body-cavity,"  runs 
high  up  into  the  muscle-plates;  but  this  upper  part  of  the  cavity 
closes  again,  whilst,  below,  the  ventral  wall  is  permanently  divided  into 
"  splanchnopleure  **  and  "somatopleure." 

I  have  corroborated  Mr.  Balfour's  account  of  the  extension  of  this 
cavity  into  the  head  of  the  embryo  of  the  Selachians  by  demonstrating 
it  in  the  head  of  the  embryo  lizard  and  turtle. 

To  me  this  "  head  cavity "  appears  to  be  the  equivalent  of  the 
temporary  upper  part  of  the  body  cavity ;  this  cephalic  extension  of 
the  cavity  is  also  temporary. 

The  cells  lining  these  cavities  in  the  head  become  transformed  into 
muscular  fibres. 

Thus,  there  is  a  reversion  of  the  ventral  wall  of  the  head  into  a 
generalised  condition  before  the  visceral  rods  are  developed. 

In  the  trunk  the  axial  skeleton*  is  formed  inside  the  upper  diver- 
ticulum of  the  body  cavity,  and  therefore  in  the  splanchnic  layer ;  of 
course  the  costal  arches  pass  over  the  permanent  body  cavity  into  the 
somatic  layer. 

Mr.  Balfour's  view  with  regard  to  the  visceral  arches  and  branchial 
pouches  is,  that  they  are  all  formed  in  a  tract  equivalent  to  the  somatic 
layer  of  the  body. 

Yet  the  difference  between  the  costal  and  visceral  arches  is  very 
great ;  and  the  fact  that  there  are  two  sets  of  them,  external  and 
internal,  separated  by  a  large  branchial  spa^^e,  does  not  lessen  the  diffi- 
culty of  harmonising  these  two  sets  of  arches,  the  costal  and  the 
visceral. 

We  may,  however,  keep  the  term  pleural  for  both,  and  divide  this 
"  genus  '*  into  two  "  species  *' — visceral  and  costal — and  the  visceral 
into  two  varieties,  namely,  external  and  internal. 

I  suspect  that  there  has  been  a  secular  differentiation  of  these 
regions,  and  that  the  order  in  time  has  been — first,  **  extra-branchials  " 
round  the  huge  branchial  pharynx ;  then  the  trabecules  as  a  support  to 
the  swelling  neural  axis;  then  the  paired  neural  cartilages  of  the 
spine ;  after  these,  the  intra-branchials ;  then  the  costal  arches ;  and, 
last  of  all,  the  lirab-girdles  and  limbs. 

These  deductions  are  not  made  at  random,  but  by  reflection  upon 

*  See  Balfour,  "  £la«mobraiichs,"  p.  133. 
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the  order  of  time  in  the  appearance  of  these  parts  in  the  quasuandent 
stages  of  the  early  embryos  of  existing,  but  low,  vertebrate  types. 

The  ventral  wall  of  the  head  undergoes  dehiscence  in  three  places, 
on  each  side,  in  front  of  the  tympano-eustachian,  or  so-called  first 
cleft. 

The  right  and  left  clefts  directly  in  front  of  that  open  freely  into 
each  other  below  ;  they  form  the  angles  of  the  opening  mouth. 

Another  cleft,  the  lacrymal,  is  formed  in  the  region  over  which  the 
third  nerve  forks;  this  nerve,  the  motor  octdi,  is  a  true  segmental 
nerve,  but  is  speciallj  devoted  to  the  eyeball. 

The  eyeball  forms  for  itself  a  nest  above  and  in  front  of  the  mouth, 
and  this  cupped  orbital  space  is  permanently  open  antero-inferiorly. 

In  the  turtle,  at  my  second  stage,  the  maxillo-palatine  fold  is  very 
large,  is  dilated  at  both  ends,  and  pinched  in  the  middle ;  in  the  hind 
part  there  is  for  a  time,  as  I  have  showed  in  the  lizard,  an  extension 
of  the  pleuro-peritoneal  cavity. 

This  is  the  only,  one  of  the  Jiead  cavities  which  opens  into  its  fellow 
of  the  opposite  side ;  the  presence  of  this  cavity  is  as  sure  a  sign  of 
segmentation  as  the  forking  of  a  segmental  nerve  over  the  space  in 
front  of  and  above  it. 

The  thick  front  part  of  the  visceral  fold  between  the  lacrymal  and 
nasal  clefts  does  not  acquire  a  cavity. 

The  whole  of  this  double  fold  over  and  in  front  of  the  mouth  cleft  is 
largely  aborted  in  the  Selachians  by  a  foregrowth  of  the  mandibular 
fold;  but  in  some  sharks,  as  in  NotidanuSf  and  in  all  rays,  a  true 
palatine  cartilage  is  developed  in  that  part  of  the  face  which  is  be- 
tween the  lacrymal  and  nasal  clefts.* 

Between  the  lacrymal  and  oral  clefts,  and  therefore  between  the 
hinder  fork  of  the  third  nerve  and  the  true  anterior  fork  of  the  fifth 
nerve,  a  visceral  cartilage  appears  in  several  types. 

In  Scijmmis,  among  the  sharks,  in  Menopoma  and  Siredon,  among 
the  Urodeles,  in  nearly  all  lizards,  and  in  the  Chelonians,  a  separate 
cartilage  appears  in  the  hinder  lobe  of  the  maxillo-palatine  fold,  after 
the  disappearance  of  the  head  cavity. 

In  the  lamprey,  and  the  larvBB  of  the  Batrachia,  the  extreme  forward 

*  Tliis  cartilage  is  distinct  also  in  all  the  Urodeles ;  and  in  the  species  of  the  genus 
Bu/o,  after  metamorphosis,  and  in  all  the  rest  of  the  Batrachians  as  a  verj  definite 
region  of  the  sub-ocular  arch.  In  the  salmon,  among  the  Teleostei,  this  cartilage  is 
separately  developed  at  first,  and  this  is  evidently  the  rule  in  the  Order. 

In  the  Siluroids  {Doras,  Clarias)  this  becomes  a  straight  rod  of  bone,  carrying 
the  tentacle-bearing,  minute  maxillary,  in  front,  and  lying  over  the  pterygoid,  and 
niesopterygoid  behind  ;  with  these  it  never  unites. 

In  lizards,  and  many  birds,  there  is  a  very  definite  palatine  cartilage  which  appears 
between  the  lacrymal  and  nasal  clefts ;  it  remains  cartilaginous  in  the  former,  but 
in  many  birds  {Miisophaga,  Dichohphus,  DiomedeOy  iui.)  acquires  its  own  bony 
.centre. 
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extension  of  the  dorsal  part  of  the  mandibnlar  arch  suppresses  the 
pre-oral  cartilages ;  in  the  Selachians — sharks  especiallj' — this  is  done 
bj  the  pterygoid  outgrowth  of  the  same  clement. 

In  the  first  case,  the  whole  mouth  is  dominated  by  the  suctorial  car- 
tilages;  in  the  second,  the  immense  development  of  the  pterygoid 
process  of  the  manibular  pier,  antagonising  the  movable  lower  jaw, 
causes  the  great  suppression  of  the  proper  maxillo-palatine  fold. 

Whilst  I  consider  the  trabeculas  to  be  axial,  or  rather  neuro-axicd,  I 
am  very  familiar  with  the  rudiments  of  a  visceral  arch  growing  front 
their  fore  ends. 

I  first  saw  this  in  metamorphosing  larvas,  and  adult,  bull-frogs ; 
afterwards  Professor  Huxley  found  and  described  them  in  Bana  tern- 
porta  ("  Encyc.  Brit.,  vol.  ix,  Art.  Amphibia^  p.  765).  Since  then^ 
I  have  found  them  in  many  kinds  of  Batrachia ;  in  some  IJrodeles ;  in 
the  embryos  of  the  dog-fish  {Scyllium  ca/nicula)  ;  in  passerine  birds  ; 
and  in  the  Mammal. 

Their  largest  development,  however,  is  in  the  "Bolocephalous" 
fishes — Chimcera  and  CdUorhynchus. 

These  three  pairs  of  rudimentary  pre-oral  arches  are  like  the 
first  post-oral  of  the  Mammal,  non-segmented;  they  are  sometimes 
direct  outgrowths  of,  and  at  others  are  formed  separately  from,  the 
basal  bar  (trabecular). 

I  cannot  see  that  these  cartilages  are  anything  else  than  arrested 
representatives  of  the  large,  fully  developed  post-oral  arches;  they 
correspond,  however,  only  with  the  upper  or  suspensorial  segment. 

The  great  difference  between  the  head  and  body  in  existing  Verte- 
brates is  shown  in  every  part  composing  these  two  regions. 

Therefore,  any  impatient  premature  attempt  to  make  a  periect  har- 
mony between  the  parts  that  form  the  axial,  the  neural,  and  the  ha3mal 
regions  of  each,  will  end  in  disappointment. 

Embryology  must  show  us  how  true  is  the  deep,  essential,  primary 
homology  of  these  parts ;  but  morpJiology  must  come  in  and  demon- 
strate the  great  and  inherited  differences,  slowly  arising,  no  doubt, 
that  are  to  be  seen  between  the  two  regions. 

There  is  a  real  generic  likeness  between  the  axis,  the  upper  and 
lower  arches,  and  the  overlying  parts  in  the  cranial  and  spinal  regions  ; 
let  these  be  computed  at  their  true  worth  in  any  comparison  of  the  two 
categories  one  with  another. 

Thus,  the  divided  basi-neural  regions  of  the  body  are  comparable 
with  the  continuous  basi-neural  regions  of  the  head,  and  the  visceral 
arches  may  be  likened  to  ribs. 

The  "  uncinate  processes  "  of  the  ribs  of  certain  reptiles  (Hatten'a 
and  the  Crocodilia),  and  in  all  birds,  except  Falamedea^  are  com- 
parable to  the  branchial  "rays"  of  Selachians;  and  the  overlying 
*' extra-hranchiaXs  "  are  not  void  of  a  true  similitude  to  the  girdles  of 


1879.]  Skull  and  its  Nerves  in  the  Green  Turtle,  337 

the  oni^owing  limbs.     I  suspect,  indeed,  that  thej  are  their  true 
serial  homologaes. 

In  this  latter  case,  the  splitting  of  the  mesoblasts  into  several  strata 
in  the  throat,  on  the  one  hand,  and  in  the  thoracic  and  pelvic  regions 
of  the  body,  on  the  other,  are  strictly  comparable  morphological 
changes. 

I  strongly  suspect  that  if  we  could  bridge  over  the  gulf  between 
the  lancelet  and  the  lampvey,  we  should  find  in  these  *'  connecting 
links  "  that  the  head  was  not  a  mere  repetition  of  the  body. 

Somatomes  we  should  find  ;  but  the  intercalary  skeletal  parts  would 
be  found,  I  believe,  to  run  into  each  other  frem  the  first,  and  the  hasi- 
neural  cartilages  of  the  head  might  be  seen,  in  time,  before  the 
distinct  neural  arches  of  the  spine. 

I  must  now  recapitulate  a  little. 

After  carefully  consideriAg  the  views  and  studying  the  researches 
of  Huxley,  Gegenbaur,  Balfour,  and  Milnes  Marshall,  I  am  satisfied 
that,  in  spite  of  the  doubling  up  of  the  basis  cranii,  at  the  time  of  it* 
greatest  flexure,  there  are  rudiments  of  three  pre-oral  arclies,  related  tw 
two  pre-oral  clefts,  namely,  the  lacrymal  and  the  nasal. 

That  the  mouth  is  caused  by  the  blending  together  of  a  right 
and  left  cleft  is  the  view  held  (I  find)  by  Dr.  Allen  Thomson ;  this 
view,  also,  is  held  by  Dr.  Dohm.  (See  "  Balfour's  Elasmobranchs," 
p.  15.) 

The  horseshoe  fold  of  the  mid-brain,  the  formation  of  the  large 
hollow  bed  for  the  eyeball,  and  the  special  fanction  to  which  the  true 
segmental  motor  ocull  nerve  is  confined,  are  all  correlates  of  the 
special  development  of  those  wild  branches  of  the  trigeminal  and 
facial  nerves,  namely,  the  ophthalmic  and  Vidian. 

This  is  tantamount  to  saying  that  the  hypertrophy  of  the  first  and 
second  vesicles  of  the  brain,  and  the  large  size  of  the  optic  vesicles 
which  are  outgrowths  from  the  first  of  these,  with  all  the  enfoldings 
jind  complications  necessary  to  complete  the  eyeball  have,  together, 
dominated  all  the  surrounding  parts,  causing  them  to  do  many  strange 
things,  so  to  speak,  vicariously. 

Milnes  Marshall  finds  that  the  olfactory  nerves  are  solid  until  the 
seventh  day  of  incubation  in  the  chick;  in  embryos  of  the  green 
turtle  of  the  size  of  a  horse-bean,  I  find  the  nerves  still  solid. 

When  the  embryos  are  two  or  three  times  that  size,  these  nerves 
each  acquire  a  large  cavity  proximally,  from  the  fore-wall  of  which 
the  branches  seem  to  spring. 

The  foremost  of  these  branches  spring  from  the  top  of  the  vesicle : 
they  arose  at  first  from  the  top  of  the  fore-brain. 

Both  in  the  chick  and  embryo  of  the  turtle,  the  fourth  nerve,  as 
soon  as  it  can  be  found,  runs  a  course  so  directly  athwart  the  first 
branch  of  the  fifth  as  to  suggest  its  non-segtnental  naiWT^. 
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The  sixth  nerve,  or  dbducensy  certainly  arises  from  the  ventral 
surface  of  the  hind-brain ;  this  being  so,  it  manifestly  corresponds  to 
the  anterior  root  of  a  spinal  nerve ;  and  as  Milnes  Marshall  suggests, 
it  may  belong  to  the  trigeminal,  to  the  facial,  or  to  both  of  these 
nerves. 

If  low  forms  should  turn  up,  in  which  the  optic  nerves  were  truly 
segmental,  and  not  direct  vesicular  outgrowths  of  the  fore-brain,  that 
would  only  affect  the  classification  here  •  suggested,  by  showing  that 
our  present  Vertebrata  have  lost  a  segment  through  the  extreme 
specialization  of  the  optic  nerves. 

As  matters  stand  at  present,  we  have,  then,  the  nasal,  lacrymal, 
oral,  tympanic,  and  brauchial  clefts ;  of  these  we  see  that  there  are 
three  in  front  of  the  tympanic,  and  there  may  be  eight  behind  it. 

Thus  we  get  four  pre-auditory  and  eight  post-auditory  clefts,  with 
their  nerves  ;  if  we  add  the  tweKth  (hypoglossal)  of  the  **  Amniota,'* 
we  have  obtained  signs  and  proofs  of  thirteen  cranial  (segmental) 
nerves,  all  of  these,  except  the  last,  forking  over  visceral  clefts,  and 
hedged  in,  all  but  the  last,  by  visceral  bars. 

The  first  of  the  bars  is  in  front  of  the  first  or  nasal  cleft,  the  last, 
or  thirteenth,  is  the  hinder  bar  of  the  lamprey's  branchial  basket 
work. 

Of  course  in  this  classification  I  do  not  mention,  for  the  time,  the 
distinction  between  the  deep  and  superficial  cartilages. 

In  the  lowest  kind  of  chondro-cranium  known  to  us,  namely,  that 
of  the  sucking-fish  and  the  larvae  of  the  Batrachia,  the  first  post-oral 
arch  is  not  only  very  largely  developed,  but  is  also  carried  forwards 
directly  to  the  front  of  the  head ;  it  does  not  of  itself  form  the 
skeleton  of  the  oral  opening,  but  carries  the  large  cartilages  that  form 
the  peculiar  suctorial  mouth. 

Hence,  in  the  lamprey  and  in  the  Batrachia,  whilst  they  are  in  the 
larval  condition,  the  pre-oral  visceral  bars  are  arrested  in  their  growth ; 
in  the  adult  of  the  latter  types,  when  the  permanent  mouth  is  formed, 
then  two  (of  the  three  possible)  visceral  arches  are  developed. 

Not  only  in  low  forms  are  the  anterior  visceral  arches  arrested,  or 
even  suppressed,  but  the  visceral  clefts  also,  in  front  of  the  mouth  as 
well  as  the  one  immediately  behind  it,  are  often  imperfectly  developed, 
or  even  suppressed. 

The  nasal  cleft  does  not  remain  open  inwards  until  we  get  to  the 
Dipnoi  and  Amphibia,  and  the  lacrymal  cleft  not  until  we  get  to  the 
Amniota. 

No  one  has  seen  a  first  post-oral  or  tympanic  cleft  in  the  lamprey, 
and  its  second  post-oral,  discovered  a  few  years  ago  by  Professor 
Huxley  ("  Proc.  Roy.  Soc,"  vol.  xxiii,  p.  129),  in  the  larva,  or  Am- 
mocmie,  is  very  small,  and  apparently  has  no  external  opening. 

In  all  the  Urodeles,  and  in  the  lower  and  more  generalized  Anura, 
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the  first  post-oral  or  tympanic  clefl  is  either  suppressed  or  forms  a 
very  slight  inner  pouch  ;  it  never  opens  externally  in  the  Annra. 

In  most  of  the  Granoids,  as  in  the  Selachians,  the  first  post-oral  clefb 
persists  as  the  spiracle,  but  in  osseous  fishes  it  is  a  very  temporary 
structure. 

I  have  long  suspected  that  the  archaic  (entomocranial)  Vertebrata 
were  often  supplied  with  a  perfect  circlet  of  branchial  filaments 
around  their  mouth. 

We  know  the  first  post-oral  cleft  to  be  a  branchial  cleft  with  several 
branchial  filaments ;  Dr.  Milnes  Marshall's  researches  show  that  the 
nasal  folds  of  the  embryo  Selachian  are  developed  in  precisely  the 
same  manner  as  the  external  branchials  of  the  spiracular  opening. 

These  filaments  become  converted  into  a  pseudo-branchia ;  the 
natural  suggestion  is  that  the  nasal  folds,  having  the  same  structure, 
and  being  formed  in  a  homologous  space,  are  indeed  nothing  more, 
even  in  the  adult,  than  a  modified  pseudo-branchia. 

Further  Remarks  an  tJis  hasi-neural  Plates  of  the  Skull. 

I  have  latterly  come  back  to  the  same  view  as  to  the  meaning  of 
the  "trabeculaB  cranii,"  as  was  first  propounded  by  Bathke,  namely, 
that  they  are  there  extensions  forward  of  the  basal  plates  or  '^  invest- 
ing mass." 

Professor  Huxley's  term  "  para-chordal "  is  as  applicable  to  the 
hind  half  of  the  trabcculaB,  in  embryos  of  Selachians  and  Amphibians, 
as  to  the  pair  of  plates  behind  the  trabeculae,  or  "  para-chordals  *' 
proper. 

Moreover,  in  several  kinds  of  Urodeles,  namely,  (Spelerpes,  Desmog- 
nathus,  «^*c.,)  there  is  a  hindmost  pair  of  para-chordal  cartilages  in 
front  of  i\iQ  functionally  first  vertebra. 

It  behoves  us,  therefore,  not  to  be  led  astray  by  mere  words ;  I 
should  prefer  to  call  the  paired  cartilages  of  the  notochordal  region 
of  the  head  hasl-neural;  this  term  would  satisfy  not  only  some  of 
the  best  authors,  such  as  G-oette  and  Balfour,  but  it  also  expresses 
what  I  conceive  to  be  the  actual  nature  of  the  parts. 

These  right  and  left  tracts  of  cartilage  that  form  the  main  part  of 
the  base  or  skull  floor,  and  grow,  more  or  less,  over  the  overgrown 
neural  axis,  are  divisible  into  two  regions,  the  hind  region,  which  is 
paro-chordal,  and  the  fore-part,  which  is  jpro-chordal. 

These  essentially  continuous  tracts  were,  I  suppose,  developed,  first, 
as  a  support  to  the  increasing  fore  end  of  the  neural  axis,  and  from 
the  first  were  not  clearly  divided  into  intercalary  (inter-neural)  tracts  ; 
and  moreover,  as  I  take  it,  they  solidified  earlier  than  the  inter-neural 
tracts  of  the  spinal  region. 

That  these  latter^  even,  were  not  always  from  the  €L^ra>t  ^^-^^^^^ 
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into  separate  tracts  the  existing  skates  and  rai/«  show ;  as  the 
tissue  became  more  and  more  solid,  it  became,  in  relation  to 
the  action  of  the  mnscle-plates,  differentiated  into  a  paired  chain  of 
pieces  of  solid  cartilage  for  the  origin  and  insertion  of  the  segmental 
muscles. 

The  "  basi-neural "  tracts  of  the  head  in  existing  Vertebrata  are 
developed  very  differently  in  different  types,  some  parts  forestalling 
others  in  chondrification,  and  yet  not  similarly  in  all. 

In  the  Salachians  (Scyllium,  Baia,  Pristiunis,  see  "  Trans.  Zool. 
Soc,"  vol.  i,  Part  IV,  Plates  33-42)  these  tracts  are  very  broad,  and 
there  are  three  regions  made  evident  by  the  earlier  or  later  time  at 
which  they  become  converted  into  hyaline  cartilage. 

The  middle  region  chondrifies  first;  this  extends  from  the  nasal 
sacs  to  the  middle  of  the  auditory  capsules,  and  answers  to  the 
"  trabeculsB  '*  without  their  "  comua." 

The  next  tract  is  behind  the  trabeculsB ;  it  does  not  end  close  behind 
the  exit  of  the  vagus,  but  runs  on  for  a  considerable  distance  into  the 
spine,  without  any  sign  of  segmentation. 

The  last  to  solidify  its  embryonic,  into  hyali7ie,  cartilage,  is  the  ijiter- 
nasal ;  this  tract  is,  at  an  early  stage,  narrow,  for  the  nasal  sacs  are 
immense ;  afterwards  these  structures  get  much  further  apart,  and 
allow  of  the  free  development  of  the  intervening  cartilage. 

This  overshadowed,  pinched  tract  of  the  skull,  breaks  out  into  three 
parts  in  front  of  the  nasal  sacs, — a  pair  of  bilobatea,  "  comua  tra- 
becul»,"^nd  the  azygous  "  pre-nasal "  rod. 

That  rod  is  the  fore  part  of  the  inter-trabecular  tract ;  it  is  but  little 
evident  between  the  nasal  roofs,  and  between  the  eyes  only  forms  the 
thinner  middle  part  of  the  cranial  floor. 

But  the  azygous  cartilage,  behind  the  pituitary  body,  forms  the  un- 
divided, secondary  (mesoblastic)  sheath  of  the  notochord  ;  in  the  early 
embryos  it  runs  on  from  the  pituitary  space  to  the  end  of  the  body  : 
afterwards,  it  is  segmented  at  the  occiput,  and  behind  that  region 
becomes  segmented  (more  or  less)  into  **  centra." 

Yet  in  the  rays  a  large  post-occipital  tract  is  continuous,  perma- 
nently; and  in  both  rays  and  sharks  it  shows  at  first  signs  of  ex- 
tensive segmentation  in  the  head,  for  the  notochord  at   its  fore  end 

becomes  "moniliform."  I  find  five  joints  or  headings  in  Pristiurus, 
and  eight  in  Scyllium. 

In  the  Urodeles  .("  Skull  of  Urodeles,"  Plate  22,  fig.  1,  tr),  for  in- 

stance  in  the  axolotl-embryos  at  the  time  of  hatching  (my  second 

stage),  show  a  pair  of  broad  para-chordal  cartilages  that  embrace  the 

fore  half  of  the  relatively  huge  notochord.     These  g^ow  in  front  ol 

that  rod  as  small  rounded  horns,  embracing  the  sides  of  the  fore-brain 

below. 

AfterwardB  theae  rods  grow  up  to,  and  then  between,  the  nasal  cap- 
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Allies,  and  then  spread  into  dilated  ont-tnmed  *^  comna.''  By  that 
time  another  pair  of  para-chordal  cartilages  has  appeared  behind  the 
first,  and  in  several  species  of  Urodeles  a  much  smaller  pair  behind 
them.  I  do  not  find  more  than  a  very  delicate  layer  of  mesoblast 
sheathing,  the  cephalic  part  of  the  notochord  ;  and  the  inter-tra- 
becular  cartilage  in  front  of  it  merely  fills  the  interspace  of  the  tra- 
becnlflB  in  the  nasal  region ;  only  in  Siren  and  Salamamdra  do  I  see  a 
short  "  pre-nasal  *'  rod. 

In  most  of  these  types  the  two  last-mentioned  being  exceptional,  the 
para-chordal  part  of  the  trabecnlad  is  absorbed,  and  only  a  selvege  of 
the  para-chordal,  proper,  remains  inside  the  car-capsnles,  and  at  the 
occipital  condyle. 

In  these  types  the  basal  cartilage  does  not  grow  np  into  the  cavity 
of  the  mid-brain  as  a  "  post-clinoid  "  wall,  but  this  wall  is  very  well 
seen  in  the  dog-fish  (^Scyllium), 

In  the  Batrachia  ^Annra*')  the  trabecolad  embrace  the  apex  of 
the  notochord  less,  and  develop  their  comua  sooner ;  the  rest  of  the 
basal  plate,  behind,  is  somewhat  later  in  its  appearance.  They  have 
a  continuous  growth  of  the  inter-trabecular  band,  which  is  a  flat  floor 
finishing  the  skull  below ;  between  the  eyes,  and  between  the  nasal 
sacs  it  grows  into  a  wall ;  in  front,  this  tract  fills  in  the  angle  between 
the  trabecular  comua,  and  often  (as  in  the  tree-frogs)  sends  forth  a 
distinct  pre-nasal  rod,  like  that  of  the  sharks. 

The  Anura  have  a  slight  post-clinoid  wall ;  their  skull  on  the  whole, 
when  finished^  is  intermediate  between  that  of  the  Selachians  and  the 
Urodeles.  Goette  mentions  the  cartilaginous  sheath  of  the  cranial 
notochord  in  Bornhinaior ;  I  find  it  very  massive  in  the  larvae  of 
Fsevdis  (when  the  limbs  are  just  appearing)  ;  but,  as  a  role,  this 
sheath  is  very  thin  in  tadpoles. 

In  Teleostei  ("  Salmon's  Skull,'*  Plates  1 — 8)  the  investing  masg 
ehondrifies  first,  and  is  relatively  much  larger  than  the  trabecnl» : 
they  are  only  sub-distinct,  and  soon  coalesce ;  the  trabecuiaB  grow  very 
rapidly,  so  that  at  the  time  of  hatching  there  is  a  very  massive 
jpro-chordal  tract. 

By  the  middle  of  the  second  week  after  hatching  the  pro-chordal 
tracts  are  quite  distinct  from  the  para-chordal,  and  lie  on  them 
obliquely. 

By  the  middle  of  the  first  summer  the  tracts  show,  as  far  as  I  can 
see,  no  sign  of  their  separation ;  but  in  the  adult  salmon  the  trabecule 
only  reach  to  the  front  of  the  pituitary  space,  whilst  the  anterior 
half  of  the  para-chordal  cartilage  receives  its  bony  matter  from  their 
"  prootics.'' 

In  the  salmon  the  middle  ethnoid  is  at  first  feebly  developed,  growing 
down,  as  a  keel,  from  the  *'  tegmen  cranii ;"  and  in  the  adult  all  we 
fiee  of  the  inter-trdbecular  point  is  a  short  wall  between  the  Later^L 
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ethnoidal  masses ;  for,  f urtlier  forwards,  at  the  mid-line,  there  is  a 
large  cavity  filled  with  fat.*  In  front  the  trabeculse  end  in  two  short 
oomua,  but  there  is  no  '*  pro-nasal  '*  rod. 

In  the  snake  ("  Snake's  Skull,''  Plates  27—33)  the  cranial  part  of  the 
notochord  shortens  rapidly,  and  is  invested  with  a  very  thin  secondary 
sheath.  The  trabecalas  are  manifestly  merely  fore-growths  of  the  para- 
chordal tracts:  there  is  no  inter-trabecular  tract,  and  even  the 
"  septnm-nasi  "  is  formed  by  the  two  trabecnlar  crests  uniting  with 
the  inner  edge  of  each  nasal  roof.  The  snake  has  a  post-pituitary 
wall,  which  is  well  developed  in  all  the  "  Sauropsida." 

In  the  high- skulled  lizards  the  inter-trabecular  cartilage  appears, 
and  largely  contributes  to  the  formation  of  the  partition  wall  in  the 
fore  part  of  the  head  ;  it  does  not,  however,  appear,  wedging  in  between 
the  trabeculffi  below,  as  in  the  Chelonians,  nor  has  it  any  pre-nasal 
growth  in  any  kinds  I  have  worked  out. 

But  the  Chelonians  shed  most  light  upon  these  parts,  and  my 
recent  work  at  this  type  has  made  many  things  clear  to  me  that  for  a 
long  time  have  remained  unexplained. 

The  segmentation  of  the  pro-chordal  from  the  para-chordal  region 
is  both  secondary  and  temporary  :  it  did  not  exist  in  mj  first  stage,  and 
had  vanished  in  the  fourth^  namely,  in  embryos  three-parts  ripe ;  these, 
which  were  the  size  of  a  horse-bean  {third  stage),  corresponded  with 
what  is  seen  in  the  adult  salmon. 

xhe  embryos  of  Struthio  ca/meliis  come  very  close  to  Chelone  as  to 
the  inwedged  position  of  the  inter-trabecular  tract,  which  appears 
below,  and  makes  the  base  of  the  orbital  septum  carinate. 

This  is^not  seen  in  the  other  "  BatUce  "  nor  in  the  "  Carinatas ;"  but  I 
find  it  in  the  ethnoidal  region  in  the  chick  ("  Fowl's  Skull,'*  Plate  81). 

Also  in  having  large  orbito-sphenoids  the  African  Ostrich  comes 
nearest  to  Chelone,  Neither  of  these  types,  nor  the  other  "  Ratitae," 
show  the  segmentation  of  the  perpendicular  ethnoid  from  the  septum 
nasi,  which  is  constant  in  the  "  CannatsB,"  and  is  seen  to  begin  in 
Lizards. 

In  Mammals  (Pig's  Skull,  Plate  28,  fig.  8),  the  para-chordals 
chondrify  before  the  pro-chordals ;  the  latter,  however,  are  never  sepa- 
rated from  the  former.  The  "  inter-trabecular "  wall  dominates  in 
the  front  of  the  pituitary  space,  but  the  thin,  flattened,  vertical  tra- 
beculfld  diverge  at  a  certain  point  to  form  the  huge  orbitosphenoids, 
exactly  as  in  Chelone  (Plate  33,  fig.  6). 

The  shortening  of  the  skull  by  the  fold  of  the  mid-brain,  and  the 
high  post-clinoid  wall  growing  up  into  the  hollow,  are  just  alike  in  the 
turtle  and  the  pig. 

*  Dr.  Milnes  Marshall  haa  shown  me  that  the  want  of  sjniinetiy  seen  in  my 
salmon  embryos  was  artificially  produced  by  the  spirit ;  they  should  have  been  re- 
mared  &om  the  egg  before  they  were  presenred. 
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On  the  Organic  aiid  Actual  Fore  End  of  the  Head, 

When  the  cephalic  fold  of  the  emhryo  is  formed,  the  fast-growing 
cerebral  bulbs  hang  over  the  yolk ;  the  brain  at  this  stage,  by  its  own 
bulk  and  weight,  hangs  down  like  a  gonrd. 

Of  necessity,  this  throws  together  parts  that  wonld  be  at  some  con- 
siderable distance  from  each  other ;  also  the  organic  end  is  not  the 
actual  end  of  the  head,  as  I  have  mentioned  before  :  that  is  formed  by 
the  mid-brain ;  the  fore-brain,  or  terminal  vesicle,  looks  downwards 
and  backwards. 

In  this  piece  of  morphology,  as  in  studying  the  "  receptacle  of  the 
fig-tree,"  we  have  to  distinguish  between  the  apparent  apex  and  the 
true  apex. 

But  if  organs  have  to  be  supported,  the  morphological  force  must 
make  good  that  which  is  thrown  out  of  gear  by  this  special  hyper- 
trophy of  parts,  and  the  beams  and  rafters  must  be  eked  out. 

For  this  heavy  nodding  bend  of  the  growing  brain  so  doubles  up 
the  undergrowths  of  the  skeletal  rudiments,  that  both  the  paired  and 
unpaired  parts  are  stopped  very  near  to  the  retral  organic  apex. 

Also  the  nasal  sacs  and  optic  vesicles,  attached  to,  or  growing  from, 
the  fore-brain,  are  in  a  new  position,  and  not,  as  they  should  be,  in 
the  old  straight  line. 

Indeed,  the  axis  of  these  skeletons  grows  up  far  into  the  hollow 
bend  of  the  mid-brain,  and  the  notochord  turns  over  somewhat,  and 
then  loses  itself  in  the  mesoblastic  sheath,  which  gets  very  close  to 
the  organic  end  of  the  brain. 

The  paired  tracts  (para-chordals,  both  trabecular  and  post-tra- 
becular)  grow  up  into  that  hollow,  and  there  stop ;  their  new  out- 
growths (or  eking  out  of  the  basi-neural  tracts)  begin  again  at  the 
base  of  this  ascending  wall. 

Also  the  middle  {unpaired)  part  begins  again  directly,  in  Ghekme, 
and  in  embryos  (two- thirds  ripe),  in  which  the  notochordal  sheath 
was  ossifying  to  form  the  beginning  of  the  "  basi-occipital "  and 
**  basi-sphenoid,''  the  cephahstyle  passed  at  once  from  the  noto- 
chordal sheath  to  embrace  and  ossify  the  **  inter-trabecular  "  bar, 
close  below  the  pituitary  body. 

That  part  of  the  basi- sphenoid  which  lies  in  front  of  and  below  the 
pituitary  body  is  formed  by  ossification,  directly  from  the  cepha- 
lostyle,  of  the  unpaired  solid  pro-chordal  tract  of  mesoblast ;  after- 
wards the  bony  matter  spreads  into  the  paired  bars  (trabeculsB). 

But  that  middle  bar  came  short  of  the  pituitary  space  in  the  earlier 
stages ;  for  there  the  oral  fold  grow  up  to  graft  itself  upon  the  fore- 
brain,  close  behind  (or  below,  organically),  the  true  apex  or  end  of  the 
brain. 

Hence  we  see,  that  if  the  pituitary  body  were  formed  iaa.  «cl  u*(x>^««v.\. 
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■embrjo,  it  would  be  close  below,  and  only  a  little  behind,  the  fore 
end  of  the  creature  ;  in  this  supposed  type  the  notochord  would  be  only 
a  little  behind  the  funoi/wm,  termmale. 

^  Now  the  fore  and  mid  brain  have  at  present  only  yielded  to  embryo- 
logists  one  pair  each  of  segmental  nerves  growing  from  their  dorsal 
region ;  the  hind  brain  is  a  series  of  enlargements. 

The  two  great  pre-auroU  segmental  nerves  (5th  and  7th)  by  the 
overfolding  of  the  brain,  are  enabled  to  send  on  to  the  front  of  the 
heail  their  special  branches,  needed  there,  because  of  the  specialization 
(for  motion)  of  the  thirds  and  the  specialization  (for  sensation)  of  the 
first  nerve. 

Thus  these  three-branched  nerves  have  grown  in  harmony  with  the 
paired  and  unpaired  hasi-neural  cartilages,  and  there  is  a  due  exten- 
sion forward  of  cartilages  to  the  partially  straightened  skull,  and  a 
due  supply  of  nerves  from  behind. 

But  in  spite  of  all  the  metamorphoses  of  these  parts,  neural  and 
(skeletal,  if  Dr.  Milnes  Marshall's  observations  (with  which  mine 
accurately  accord)  be  true,  then  we  still  have  two  true  segments  in 
l>oint  of  the  cleft  {oral)  which  is  forked  over  by  the  5th  nerve.  It 
could  not  be  expected  that  the  visceral  arches  and  intervening  clefts 
would  be  otherwise  than  greatly  modified  and  masked  in  the  fore  part 
of  the  head,  with  its  huge  nervous  centres,  and  highly  complex  organs 
of  special  sense. 

The  larv89  of  the  Amphibia,  especially  of  the  "  Anura,"  have  been 
very  carefully  studied  by  me,  as  likely  to  throw  light  upon  the  order  of 
development  of  the  cranial-facial  skeleton ;  the  lamprey,  also  repre- 
senting those  larv89  permanently,  has  been  the  subject  of  much 
thought,  as  a  sort  of  practical  pattern  of  those  larvsB.  In  these  forms 
the  extra-visceral  skeleton  of  the  head  is  much  developed,  and  only 
part  of  the  true  visceral  (internal  arches)  appear. 

For  the  mouth  in  these  forms  is  terminal,  and  its  skeleton  is  made 
up  of  sub-cutaneous  cartilages,  the  serial  homologues  of  the  subcu- 
taneous basket-work  of  the  large  respiratory  pharynx  of  the  lamprey. 

In  that  form  the  only  true  visceral  arches  developed  are  the  mandi- 
bular and  the  hyoid ;  a  basal  rudiment  of  the  internal  branchial  arches 
exists  as  the  ''  lingual  cartilage." 

The  free  mandible  of  the  lamprey  is  packed  up,  and  apparently 
functionless,  close  behind  the  postero-superior  '^  labial ; "  the  quad- 
rate portion  of  the  "  suspensorium,"  is  a  mere  point  or  style,  with  no 
condyle. 

This  suspensorium  throws  a  fold   of  cartilage   over    the  second 

branch  of  the  5th  nerve  and  the  temporal  muscle ;  this  is  not  the 

pterygoid  cartilage,  and  is  only  seen  in  this  type,  in  tadpoles,  and 

in   some   chondrosteous   .Ganoids,    e.g.,    Flanirostra^    as    shown  by 

Mr.  Bridge, 
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Also  the  epi-hyal  is  in  a  low  state  of  development;  there  is  a 
cerato-hyal  and  a  basi-hyal  piece,  growing  forward  below,  in  front  of 
the  large  lingual  ("  basi-branchial  ")  cartilage. 

But  there  is  a  copious  growth  of  external  cartilage  both  around  the 
terminal  mouth  and  around  the  huge  branchial  pharynx  ;  the  cranial 
box  is  at  a  low  state  of  development,  and  the  fore  part  of  the  head 
shows  no  trace  of  a  pre-oral  arch. 

In  tadpoles  we  have  a  very  similar  state  of  things,  but  there  is  a 
real  ascent ;  the  suspensorium  develops  a  quadrate  condyle,  and  on  this 
the  passive  mandible  is  hinged. 

Round  the  mouth,  cartilages  quite  like  those  of  the  lamprey,  are 
developed,  but  they  are  smaller ;  and  there  are  only  four  bars 
(pouches)  in  the  walls  of  the  pharynx ;  rudiments  of  four  true  intra' 
hranchials  also,  are  developed.  A  fifth  subcutaneous  cartilage  appears 
during  metamorphosis,  belonging  to  the  mandibular  arch ;  it  becomes 
the  cartilaginous  "  annulus  tympanicus." 

After  it  has  appeared  the  "  styloid  cartilage "  of  the  lamprey 
("epi-hyal")  is,  in  them,  slowly  developed,  and  becomes  the  ** colu- 
mella auris." 

Also,  during  metamorphosis,  the  rudiment  of  a  "  palatine  **  visceral 
arch  appears,  and  in  the  genus  Bufo  becomes  a  large  distinct  pre-oral 
cartilage.  After  metamorphosis,  another  cartilage  appears  on  each 
side,  within  the  nasal  cleft,  the  **  pro-rhinal." 

My  idea  of  the  order,  m  time,  of  the  skeletal  elements  is  as  fol- 
lows : — 

First.  The  superficial  cartilages  of  the  mouth  and  respiratory 
pharynx. 

Secondly.  Basi-neural,  and  then,  afterwards,  going  from  them, 
rlsceral  cartilages,  in  the  iyuier  layer  of  the  walls  of  the  mouth  and 
throat. 

Tliirdly.  After  that,  selection  of  dermal  scutes,  first  as  scales  and 
afterwards  as  splint-bones  ("parostoses"),  to  supplement,  for  support- 
ing purposes,  the  chondro-cranium. 

Fourthly.  A  gradual  arrest,  and  then  more  or  less  of  suppression, 
of  the  chondro-cranial  parts,  and  the  increased  use  of  subcutaneous 
investing  bones,  at  times  in  conjunction  with  remnants  of  the  old 
primary  superficial  cartilages. 

The  development  of  the  spine  has  been,  I  believe,  a  thing  of  laier 
date ;  and  the  limb-girdles  and  limbs  newest  and  latest  of  all. 

The  brain,  month,  and  throat,  with  coiled  intestines,  whose  outlet 
is  very  little  behind  the  occiput,  make  up  all  that  is  of  any  con- 
sequence, in  such  a  form  as  the  gigantic  tadpole  of  the  paradoxical 
frog  (Pseiidis)  ;  whose  post-cranial  segments  have  evidently  been 
super-additions,  developed  for  the  sake  of  locomotion — to  form 
a  mere  swimming  organ. 


'MCy  Mr.  J.  K.  11.  (lordoii  on  Elirfrirlt//  and  Lijhf.      [Feb.  U), 

Behind  the  head,  the  segments  for  free  motion  cannot  be  moved  bj 
the  developing  segmental  muscles  until  an  intercalary  segmentation 
has  taken  place ;  hence  the  vertebral  segments  which  come  between 
the  '*  mnscle-plates  *'  and  spinal  nerves. 

The  head,  eschewing  such  mobility,  has  developed  an  axial  box  for 
the  brain,  and  beneath  this  firm  structore,  the  mobile  and  distensible 
mouth  and  throat  are  swung. 


III.  "  On  an  Extension  of  the  Phenomena  discovered  by  Dr.  Ken- 
and  described  by  him  under  the  title  of  *  A  New  Relation 
between  Electricity  and  Light."*  By  J.  E.  H.  Gordon, 
B.A.,  Assistant  Sec.  of  the  British  Association.  Communi- 
cated by  Professor  Tyndall,  F.R.S.  Received  February  10, 
1879. 

In  November,  1875,  Dr.  Kerr  announced  in  the  "  Philosophical 
Magazine,"  that  he  had  discovered  a  new  relation  between  electricity 
and  light.  He  showed  that  when  glass  is  subjected  to  an  intense 
electrostatic  stress,  that  a  strain  is  produced  which  causes  the  glass  to 
act  like  a  crystal  upon  polarized  light. 

On  Wednesday,  February  5, 1879, 1  was  working  at  this  experiment 
in  the  Royal  Institution,  and  endeavouring,  by  means  of  the  electric 
light,  to  project  the  efEect  on  a  screen,  in  preparation  for  a  lecture  on 
the  next  day. 

In  the  experiment  as  described  by  Dr.  Kerr,  and  which  was  shown 
plainly  on  the  screen,  on  February  6,  the  light  is  extinguished  by 
the  Nicols,  and  reappears  when  the  coil  is  set  going. 

In  the  projection  experiment  a  patch  of  moderately  bright  white 
light,  about  3  inches  diameter,  appeared  on  the  screen  when  the 
coil  was  worked.  The  images  of  the  points  inside  the  glass  were 
about  1^  inches  apart.  On  Wednesday,  however,  the  electrostatic 
stress  was  accidentally  allowed  to  become  strong  enough  to  perforate 
the  glass.  Immediately  before  perforation  there  occurred  the  efEects 
which  are  the  subject  of  the  present  communication. 

First  appeared  a  patch  of  orange-brown  light  about  6  or  7  inches 
diameter.  This  at  once  resolved  itself  into  a  series  of  foar  or  five 
irregular  concentric  rings  dark  and  orange-brown,  the  outer  one 
being  perhaps  14  inches  diameter.  In  about  two  seconds  more  these 
vanished  and  were  succeeded  by  a  huge  black  cross  about  3  feet  across, 
seen  on  a  faintly  luminous  ground.  The  arms  of  the  cross  were  along 
the  planes  of  polarization,  and  therefore  (the  experiment  being  arranged 
according  to  Dr,  Kerr's  directions)  were  at  45°  to  the  line  of  stress. 
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The  glass  then  gave  way,  and  all  the  phenomena  disappeared  except 
the  extreme  ends  of  the  cross,  and  the  discharge  through  the  hole, 
where  the  glass  had  been  perforated,  was  alone  seen. 

The  phenomena  were  seen  by  Mr.  Cottrell,  by  Mr.  Valter  (the 
second  assistant),  and  by  myself;  A  fresh  glass  plate  was  at  once 
drilled  in  hopes  of  repeating  the  phenomena  in  the  lecture  next  day, 
bnt  owing  to  sparks  springing  round  we  did  not  succeed  in  perforating 
the  glass,  and  therefore  saw  onlj  the  faint  return  of  light  described 
by  Dr.  Kerr. 

Some  more  glasses  have  been  prepared  Mid  their  terminals  in- 
sulated, and  I  now  propose  to  make  another  attempt  to  repeat  the  new 
effects  before  tlie  Royal  Sociefy. 


Febrvary  20, 1879. 

THS  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "On  Electrical  Insulation  in  High  Vacua."     By     William 
Crookes,  F.R.S.    Received  February  6,  1879. 

The  experiments  here  described  were  tried  nearly  two  years  ago. 
They  were  suggested  by  some  observations  I  was  then  making  on  the 
passage  of  an  induction  current  through  highly  exhausted  tubes.  The 
main  branch  of  the  research  being  likely  to  occupy  my  attention  for 
some  time,  I  may  bo  unable  to  return  to  these  less  important  off- 
shoots. I  have  ventured,  therefore,  to  embody  them  in  a  short  note 
for  the  "  Proceedings  of  the  Royal  Society." 

A  pair  of  gold  leaves  were  mounted,  as  for  an  electroscope,  in  a 
bulb  blown  from  English  lead  glass  tubing.  The  leaves  were  attached 
to  a  glass  stem  and  the  lower  part  of  the  bulb  was  drawn  out  for 
scaling  to  a  Sprengel  pump  as  shown  at  fig.  1.  A  stick  of  ebonite 
excited  by  friction  was  generally  used  as  the  source  of  electricity,  but 
any  other  source  will  do  equally  well,  provided  it  is  not  too  powerful. 

No  special  attention  was  paid  to  the  action  of  electricity  on  the 
leaves  in  air  or  at  moderate  vacua,  as  it  agreed  with  what  is  already 
well  known.  The  exhaustion  was  pushed  to  a  very  high  degree  (alK)ut 
the  millionth  of  an  atmosphere),  when  it  was  found  that  tha  <i.T55\\i5A. 
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ebonite  had  a  mncli  greater  effect  on  the  gold  leaves  than  at  a.  lower 
eshatution  ;  for  a  long  time  however  I  was  not  able  to  charge  tliv 
leaves  permanently,  in  consequence  of  their  falling  together  as  booh 
as  the  source  of  electricity  was  removed. 


When  a  hot  substance  was  bronght  near  the  bnlb  facing  a  gold  leaf. 
so  as  to  warm  the  glass,  molecnlar  repulsion  took  place,  and  the  leaveH 
retreated  from  the  warm  spot,  standing  ont  at  an  angle  of  about  45°. 
As  the  glass  cooled  the  leaves  reenmed  their  former  vertical  position. 

While  the  leaves  were  repelled  from  the  hot  glass,  the  excited 
ebonite  had  a  very  powerful  action  on  them,  and  if  it  were  brought 
near  hastily,  the  leaves  flew  off  to  the  side  of  the  glass,  destroying  the 
apparatns.  By  careful  management  and  i^peated  trials,  however,  the 
ebonite  coald  be  bronght  near  the  warm  spot  of  glass,  the  leaves 
suddenly  extending  at  an  angle  to  each  other.  The  appearance  wa.s  as 
if  a  spark  had  been  able  to  pass  across  the  bridge  formed  by  the  line 
of  advancing  and  retreating  molecules  connecting  the  hot  ghiss  witK 
the  gold  leaves.  On  the  ebonite  being  removed  and  the  glass  allowed 
to  cool,  it  was  found  that  the  repulsion  of  the  leaves  was  permanent. 
The  i-nbbed  ebonite  wonld  attract  and  repel  them  as  it  was  moved  to 
and  fro,  but  the  angle  formed  by  the  leaves  with  one  another  re- 
mained unchanged.  A  warm  body  brought  near  the  glass  opposite 
one  leaf  would  repel  the  pair  as  a  whole ;  on  then  warming  the  opposite 
side  of  the  glass  repulsion  on  that  side  took  place,  the  angle  of  the 
leaves  being  somewhat  diminished,  bat  on  cooling  the  leaves  opened 
again  to  their  former  eztent. 

When  the  glass  bulb  was  strongly  heated  by  a  spirit  flame  tho 
leaves  suddenly  discharged  and  fell  together. 

Another  bnlb  (fig.  2)  was  prepared,  containing  a  plate  of  mica,  a, 
which  could  be  suddenly  placed  between  the  gold  leaves,  hh.    The 
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plate  of  mica  was  longer  and  wider  than  the  gold  leares,  and  was  con- 
nected with  a  email  piece  of  iron  wire,  capable  of  moving  np  and 


down  a  tnbo  sealed  into  the  top  of  the  bulb.  By  means  of  an  ontflide 
magnet  the  mica  plate  could  thus  be  lowered  between  the  gold  lenreB 
or  raised  out  of  their  way,  aa  desired.  The  tabe  was  exhaneted  to 
nbout  the  millionth  of  an  atmosphere,  the  mica  plate  being  held  quite 
above  the  leavca.     One  side  of  tiie  bulb  was  then  heated,  and  the 
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leaves  permanently  charged  by  meanu  of  tbe  excited  ebonite.  The 
mica  plate  iras  notr  caiefallj  lowered.  As  it  came  between  tbe  gold 
leaves  they  diverged  fiirther  apart,  and  kept  ao  as  long  as  the  mica 
plate  was  between  them.  On  removing  the  plate  the  leaves  reaaanmed 
their  former  divergence.      This  oonld  be  repeated  any   number  of 

A  similar  piece  of  appuatofl  (fig.  3)  wu  made,  only  instead  of  a 
mica  plate  coming  betmen  the  leaves,  &  mica  cylinder,  a,  capable  of 
being  raised  and  lowered  ontnde  the  divergent  leaves,  vnis  employed. 
I  was  not  able  to  get  entirelj  ooooordant  resnlte  with  this,  owing  to  the 
friction  of  the  mica  derelopin^  eleofarioily  on  the  inner  surfacB  of  the 
glass  tnbe ;  bnt  in  all  oaitw,  when  the  cylinder  was  raised  until  it 
covered  the  electrified  Imtbs,  it  had  the  effect  of  diminishing  the  angle 
which  they  formed  with  each  other. 

The  following  experimenta  were  klao  tried : — the  leaves  being 
separated  abont  160°,  aa  ftt  flg.  4,  A,  one  aide  of  the  tnbo  was  slightly 


heated  by  a  spirit  flame.  The  leaf  on  that  side  fell  to  a  vertical 
position,  and  remained  so  when  all  was  cold,  the  other  leaf  sticking 
ont  as  before,  as  at  B.  This  wonid  seem  to  show  that  tbe  divergence 
of  the  leaves  in  this  ease  was  not  so  inncb  due  to  their  mutual 
repulsion,  as  to  an  attraction  exerted  on  each  of  them  by  the  inner 
surface  of  the  glass  tnbe.  The  remaining  divei^cnt  leaf  conid  bi^ 
slightly  lowered  when  (he  glass  tabe  above  it  was  warmed  with  a 
bnncli  of  cotton  wool  dipped  in  hot  water.  On  cooling  the  leaf  rose 
again  to  its  original  position.  When  this  ude  of  the  tube  was  also 
heated  with  a  lamp,  the  leaf  was  repelled  down,  but  not  so  readily  as 
the  other  had  been,  and  when  the  tnbe  got  cold,  it  rose  to  nearly  its 
former  position.  Thia  vaa  repeated  several  times  with  uniform 
jvsnJts.      When    the  leaf    was  repelled  down,  the  vertical  leaf    also 
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moved  away,  so  as  to  keep  the  same  angle  between  them.     It  U  then, 
fore  evident  that  the  leaves  themselves  were  also  charged. 


Fio.  4. 

1 

1 

Fig.  4,  C,  BhowB  the  two  positiooa  of  the  leaveB,  aa  before  applTUHg 
heat  to  the  side  c  of  the  tabe,  aod  hh  after  heating  the  glans  at  c. 

Tiie  tabo  was  now  heated  on  both  Bides,  cansing  the  leaves  to 
come  nearer  together  as  shown  at  fig.  4,  D.  While  the  glass  was 
warm  the  cylinder  was  raised  so  that  it  surrounded  the  leaves: 
this  caused  them  to  get  a  little  closer  together,  and  they  kept  in  this 
position,  shown  at  £,  after  the  whole  apparatus  was  quite  cold. 

After  remaining  thus  for  some  time,  the  cylinder  was  lowered,  a&d 
the  leaves  widened  out  and  took  up  the  position  shown  at  bb,  fig.  4,  C. 
They  did  not  return  to  the  position  aa,  showing  that  their  divurgenoe 
was  now  owing  to  their  own  mutual  repnlsion,  and  not  to  a^  attrac- 
tion of  ono  or  other  to  the  electrified  gloss. 

In  December,  1877,  I  totally  immersed  one  of  these  exhausted  glass 
bulbs  in  a  vessel  of  water;  the  gold  leaves  having  previously  been 
charged,  and  standing  at  an  angle  of  112°  from  one  another,  as  at  fig.  5. 
Tho  water  was  connected  electrically  with  "  earth,"  and  the  whole 
was  set  aside  in  a  cabinet  on  the  1st  of  January,  187*). 

At  tho  present  time,  after  having  remained  in  this  condition  for 
tliirtccn  months,  the  leaves  form  exactly  the  same  angle  with  one 
another  which  they  did  when  they  were  first  put  in  the  cabinet. 
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From  this  ezperieace  I  think  we  inaj  consider  that  at  an  exhaustion 
of  a  millionth  of  an  atmosphere,  air  is  an  absolnte  non-conductor  of 
statical  electricity.  It  is,  therefore,  legitimate  to  conclude  that  the 
vacnnm  of  interstellar  space  offers  eqnal  obatmctioD  to  the  discharge 
of  electrified  bodies,  withoat  necessarily  interfering  with  their  matnal 
repulsion  if  similarly  electrified.  It  is  possible  that  in  these  facts  an 
explanation  may  be  found  of  some  obscure  celestial  phenomena. 


II.  "  Oil  the  Kevereal  of  the  Lines  of  Metallic  Vapours."  No.  IV. 
By  Ot.  D.  LiVEiNG,  M.A.,  ProfesBor  of  Uhemistry,  and  J. 
Dewab,  M.A.,  F.R,S.,  Jacksonian  Professor,  University  of 
Cambridge     Received  February  12,  187y. 

In  the  expeiiments  described  in  the  following  commnnication,  instead 
of  introducing  the  snbstances  to  bo  observed  in  the  metallic  form  into 
our  tnhes,  we  have  endeavoured  to  overcome,  to  some  extent,  the  diffi- 
culty of  the  presence  of  impurities  by  making  nse  of  reactions  which 
should  generate  the  metallic  vapours  within  the  tubes.  For  this  purpose 
we  have  generally  employed  the  great  reducing  power  of  carbon  and 
of  aluminium  at  high  temperatures. 

In  a  former  commnnication  ("Proc.  Roy.  Soc.,"  vol.  xxvii)  we 
described  the  reversal  of  the  two  blue  lines  of  cmsinm  and  the  two 
violet  lines  of  rubidium  by  the  vapours  of  those  metals,  produced  by 
heating  their  chlorides  with  sodium  in  glass  tubes.  It  might  ha 
doubtful  from  these  experiments  whether  the  absorption  were  due  to 
the  metals  or  to  the  chlorides.  To  decide  this  question,  we  first  tried 
caesium  chloride  by  iteelf,  heated  in  a  tnbe  such  as  we  used  before.  No 
absorption  lines  could  be  seen,  although  a  good  deal  of  the  chloride 
had  been  vaporized  and  distilled  to  the  cool  part  of  the  tabe.  The 
■experiments  were  next  repeated,  both  with  rubidium  and  ctssium 
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•chlorides  along  with  metallio  lithium.  The  two  yiolet  lines  of  mbidinm 
and  the  two  bine  lines  of  cmnm  were  reversed,  as  when  sodinm  was 
nsed  instead  of  lithiam,  and  as  the  lithinm  gave  no  sensible  yaponr, 
the  observations  oonld  easiljbe  oontiniied  fbr  anraoh  longer  time  with 
the  same  tubes.  No  other  absorptkm  lines  oonld  be  discerned.  It  maj 
be  observed,  however,  that  it  is  not  easy  to  obtain  a  sonroe  of  light 
snfficientlj  rich  in  the  least  refnngifale  red  to  allow  of  observations  on 
the  absorption  of  light  so  little  reErangiUe  as  the  red  mbidinm  lines. 
A  platinum  wire,  heated  nearij  to  fturion  bj  an  eleotrio  oorrent, 
appeared  to  give  the  brightest  light  in  this  part  of  the  spectrum,  bat 
of  that  light  no  definite  absorptioK  hf  the  roUdimn  could  be  observed 
in  the  red.  We  then  had  some  mizbmi  of  carbonate  of  csBsium  with 
carbon,  and  of  carbonate  of  rubidiam  with  cazbon,  prepared  bj 
charring  the  tartrates;  and  observed  the  resolts  of  heating  these 
mixtures  in  narrow  porcelain  tubes,  placed  TezticaUj  in  a  furnace,  as 
described  in  our  first  oommunioatum  on  ibis  subject  (''  Proc.  Boj. 
Soc,"  vol.  xzvii).  A  small  quantity  of  the  cwrium  mixture,  intro- 
duced into  a  tube  at  a  bright  red  heat,  showed  insianil  j  the  two  blue  lines 
reversed  and  so  much  expanded  as  to  be  almost  in  contact.  The  width 
of  the  dark  lines  decreased  as  the  cerium  evaporated,  but  they  remained 
quite  distinct  for  a  very  long  time.  A  similar  effect  was  produced  by 
the  rubidium  mixture,  only  it  was  necessary  to  have  the  tube  very  much 
hotter,  in  order  to  get  enough  of  violet  light  to  see  the  reversal  of  €he 
rubidium  lines.  In  this  case  the  two  lines  were  so  much  expanded  as 
to  form  one  broad  dark  band,  which  gradually  resolved  itself  into  two 
siS  the  rubidium  evaporated.  The  reversal  of  these  lines  of  cnsium 
imd  rubidium  seems  to  take  place  almost  or  quite  as  readily  as  that  of 
the  D  lines  by  sodium,  and  the  vapours  of  those  meti^  must  be 
extremely  opaque  to  the  light  of  the  refrangibiliiy  absorbed,  for  the 
absorption  was  conspicuous  when  only  very  minute  quantities  of  the 
metals  were  present.  The  red,  yellow,  and  green  parts  of  the  spectrum 
were  carefully  searched  for  absorption  lines,  but  none  due  to  csDsium 
or  rubidium  could  be  detected  in  any  case.  It  is  perhaps  worthy  of 
remark  that  the  liberation  of  such  extremely  electro-positive  elements 
as  cflBsium  and  rubidium  from  their  chlorides  by  sodium  and  by  lithium, 
though  it  is  probably  only  partial,  is  a  proo(  if  proof  were  wanting, 
that  so-called  chemical  afl&nity  only  ti^es  a  part  in  determining  the 
grouping  of  the  elements  in  such  mixtures ;  and  it  is  probable  that  the 
^equilibrium  arrived  at  in  any  such  case  is  a  dynamical  or  mobile  equili- 
brium, continually  varying  with  change  of  temperature. 

Our  next  experiments  were  with  charred  cream  of  tartar  in  iron 
tubes,  arranged  as  before.  In  this  oase  a  broad  absorption  band 
appeared,  extending  over  the  space  from  about  wave-length  5,700  to 
5,775,  and  in  some  cases  still  wider,  with  edges  ill-defined,  especially 
the  more  refrangible  edge.    By  placing  tfaa  ohaonmiL  tnmwa.  t\  VweoKc Va- 
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the  tube  before  it  was  introduced  into  the  furnace,  and  watching  the 
increase  of  h'ght  as  the  tube  got  hot,  this  band  was  at  first  seen  bright  on 
a  less  bright  background,  it  gradually  faded,  and  then  came  out  again 
reversed,  and  remained  so.  No  very  high  temperature  was  required 
for  this,  but  a  rise  of  temperature  had  the  effect  of  widening  the  band. 
Besides  this  absorption,  there  appeared  a  very  indefinite  faint  absorp- 
tion in  the  red,  with  the  centre  at  a  wave-length  of  about  6,100,  and  a 
dark  band,  with  a  tolerably  well-defined  edge  on  the  less  refrangible 
side,  at  about  a  wave-length  of  4,8i>0,  shading  away  towards  the  violet. 
A  fainter  dark  band  was  sometimes  seen  beyond,  with  a  wave-length 
of  about  4,645 ;  but  sometimes  the  light  seemed  abruptly  terminated 
at  about  wave-length  4,850.  It  will  be  noticed  that  these  absorptions 
are  not  the  same  as  those  seen  when  potassium  is  heated  in  hydrogen, 
nor  do  they  correspond  with  known  emission  lines  of  potassium^ 
although  the  first,  which  is  also  the  most  conspicuous  and  regularly 
visible  of  these  absorptions,  is  very  near  a  group  of  three  bright  lines 
of  potassium.  It  seemed  probable  that  they  might  be  due  to  a 
oombination  of  potassium  with  carbonic  oxide.  We  tried  the  effect 
of  heating  potassium  in  carbonic  oxide  in  glass  tubes,  but,  though 
the  potassium  united  readily  with  the  gas,  the  compoand  did  not 
appear  to  volatilize  at  a  dull  red  heat,  and  no  absorption,  not  oven  that 
which  potassium  gives  when  heated  in  nitrogen  under  similar  circum- 
stances, could  be  seen.  We  then  tried  induction  sparks  between  an 
electrode  of  potassium  and  one  of  platinum  iu  an  atmosphere  of 
carbonic  oxide.  The  usual  bright  lines  of  potassium  were  seen,  and 
also  a  bright  band,  identical  in  position  with  the  above-mentioned  band, 
between  wave-lengths  about  5,700  and  5,775.  This  band  could  not  be 
seen  when  hydrogen  was  substituted  for  carbonic  oxide.  A  mixture  of 
sodium  carbonate  and  charred  sugar,  heated  in  an  iron  tube,  gave  only 
the  same  absorption  as  sodium  in  hydrogen.  There  were  also  no 
indications  of  any  absorption  due  to  a  compound  of  rabidium  or  of 
osBsium  with  carbonic  oxide. 

The  experiments  of  Mallet  (**  Chem.  Soc.  J.,"  1876)  on  the  vola- 
tility of  calcium,  strontium,  and  barium,  and  the  reducing:  action  of 
aluminium  on  the  oxides,  especially  in  the  presence  of  carbonate  of 
sodium,  induced  us  to  try  similar  mixtures  in  our  tubes. 

A  mixture  of  barium  carbonate,  aluminium  filings,  and  lamp-black, 
heated  in  a  porcelain  tube,  gave  two  absorption  lines  in  the  green, 
corresponding  in  position  to  bright  lines  seen  when  sparks  are  taken 
from  a  solution  of  barium  chloride,  at  wave-lengths  5,242  and  5,136, 
marked  a  and  /3  by  Lecoq  de  Boisbnudran.  These  two  absorptions 
were  very  persistent,  and  were  produced  on  several  occasions.  A 
third  absorption  line,  corresponding  to  line  B  of  Boisbaudran,  was 
JK>metimes  seen,  and  on  one  occasion,  when  the  temperature  was  as 
JiJi^h  as  could  be  obtained  in  the  luruace  fed  with  Welsh  coal,  and  a 
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miztore  of  cltarred  bariam  tartrate  with  alnmmium  was  used,  % 
foartb  dark  line  was  seen  vith  wave-length  5,535.  This  line  waa  very 
fine  and  sharplj  defined,  whereas  the  other  three  lines  were  ill-defined 
At  the  edges ;  it  is,  moreover,  the  oalj  one  of  the  foar  which  corro- 
Bponds  to  a  bright  line  of  metallic  bariam. 

Repeated  experiments  with  charred  tartrates  of  calcium  and  of 
strontiam  mixed  witli  alumioiam  gave  no  results,  bnt  on  one  oc- 
casion, when  some  sodinm  carbonate  was  nsed  along  with  the  charred 
tartrate  of  strontinm  and  alnmininm,  the  bine  line  of  strontimn  was 
seen  reversed,  and  on  another  occasion,  when  a  miztnre  of  charred 
potassiam,  calcium,  and  strontiam  tartratos,  and  alnminiam  was 
used,  the  calcium  line,  with  wave-length  4,226,  was  seen  reversed. 
The  fire  in  this  case  was  fed  with  gas  retort  carbon,  and  the  tem- 
peratare  such  that  iron  tubes,  though  well  coated  with  fire-clay,  gave 
way  in  a  few  minntes.  It  appears,  therefore,  that  the  blue  line  of 
strontinm,  and  the  above-mentioned  violet  line  of  calcium,  are  rever- 
sible by  this  method,  bnt  not  so  easily  or  so  certainly  as  the  lines  of 
banom  or  its  compounds  above  mentioned. 

In  order  to  obtain  higher  temperatures  than  we  could  obtain  in  the 
furnace  nsed  in  onr  former  experiments,  we  have  made  prelimimuy 
experiments  with  lime  crucibles  heated  (1)  by  a  jet  of  coal-gas  and 
oxygen ;  (2)  by  the  electric  arc.  For  this  purpose  a  block  of  chalk 
or  lime  had  a  vertical  tubular  hole  bored  into  it  about  6  or  7  millims.  in 
diameter,  and  for  the  gas  jet  a  second  lateral  boring,  meeting  the 
.other  boring  at  the  bottom  (fig.  1).     For  the  electric  arc  two  lateral 


borings  are  made  on  opposite  sides  of  the  block,  meeting  the  vertical 
boring  at  its  bottom  (fig.  2).  Above  the  crucible  we  place  a  mirror 
inclined  at  45°,  so  as  to  reflect  the  light  from  the  vertical  boring  on 
to  the  slit  of  a  spectroscope,  a  plate  of  mica  being  interposed 
between  the  mirror  and  crucible  to  deflect  the  stocn.'av  <A.  ^tfA.  9&  «n^ 
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oatch  the  smoke,  which  would  otherwise  soon  dim  the  Borface  of  the 
mirror. 


With  the  jet  of  coal-gas  and  oxygen  the  nsnal  green  and  orange 
bonds  of  lime  and  the  violet  line  of  calciam  (wave-length  4,226)  were 
seen  bright  on  the  continnons  spoctram,  and  on  dropping  in  some 
alamiaium  their  brightness  increased  at  the  same  time  that  a  dark 
line  appeared  in  the  middle  of  both  the  orange  and  green  band.  This 
dark  line  speedily  disappeared  in  the  caise  of  the  orange  band,  bnt 
lasted  longer  in  the  green  band  When  some  lithium  carbonate  was 
pat  into  the  crucible  and  the  coal-gas  tnmed  on  no  as  to  be  in  excess, 
the  red  lithium  line  was  reversed,  appearing  slightly  expanded  with, 
a  black  line  down  the  middle. 

For  the  electric  arc  25  Grove's  cells  were  nscd,  and  the  carbon 
poles  introduced  through  the  lateral  openings,  so  as  to  meet  at  the 
bottom  of  the  vertical  boring  of  the  lime  crucible.  A  very  brilliant 
spectrum  of  bright  lines  wan  produced  on  bringing  the  poles  in  con- 
tact, while  a  copious  stream  of  vapours  ascended  the  tube.  On 
drawing  apart  the  poles,  which  could  be  done  for  nearly  an  inch 
without  stopping  the  current,  the  calcium  line  (wave-length  4,226) 
was  seen  reversed.  On  dropping  some  aluminium  into  the  crucible 
the  calcium  line  jnst  mentioned  was  very  much  expanded,  and 
appeared  with  a  broad  black  line  in  the  middle.  The  other  calcium 
lines  in  the  neighbourhood  on  the  less  refrangible  side  were  also  ex- 
panded considerably,  bnt  were  not  seen  reversed.  The  mora  rafran- 
gible  lines  (Frannhofer's  H),  however,  remained  sharply  defined,  and 
did  not  appear  sensibly  expanded  or  reversed. 

On  introdacing  some  strontia  the  bine  strontium  line  (wave-length 
4,60?)  was  immediately  seen  reversed,  appearing  as  a  broadish  bright 
band,  with  a  dark  line  in  the  middle.  There  were  no  indications  of 
the  reversal  of  any  other  strontium  line,  though  the  more  refrangible 
lines  were  consptcnouely  bright. 
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Wlien  lithiiun  carbonate  was  mtrodaced  tlie  red  line  was  at  onoe 
seen  reversed,  bat  not  mccb  expanded.  Wben  some  alomininm  was 
added,  the  lithinai  bine  line  (wave-length  4,604)  was  seen  with  a  dark 
line  in  the  middle  for  a  short  time  only.  The  green  line  of  lithium 
was  very  bright  indeed,  and  appeared  somewhat  expanded  on  the 
addition  of  alnminium,  bnt  showed  no  reversal. 

On  patting  some  baryta  into  the  cmcible  the  line  with  wave-length 
5,535  was  reversed,  appearing  very  black  bnt  narrow.  No  other 
barinm  line  conld  be  seen  reversed  in  that  cmcible,  bnt  in  another 
cmcible  into  which  magnesia  had  been  introdnced,  a  dark  line,  with 
wave-length  abont  4,930,  was  ob8erved,whiGh  may  probably  be  ascribed 
to  barinm. 

With  magnesia  and  aluminium  the  least  refrangible  of  the  b  gronp 
was  seen  reversed,  all  the  b  group  being  expanded. 

When  silver  was  introdaoed,  on  drawing  the  poles  apart,  both  the 
brightest  green  lines  (wave-lengths  5,464  and  5,209)  were  seen  for  a 
short  time  with  a  black  line  down  the  middle. 

Frequently  on  parting  the  poles,  whatever  might  be  the  substance 
in  the  cracible,'the  whole  of  the  brightest  part  of  the  spectrum,  from 
the  orange  to  the  bine,  appeared  filled  with  dork  lines,  all  eqnidistant 
and  eqnally  dark,  like  a  fine  grating.  With  a  high  dispersion  these 
lines  are  seen  to  be  ill-defined  at  the  edges.  We  can  only  suppose 
them  to  be  a  banded  spectrum  of  some  compound  of  carbon. 

The  lime  cmciblea  are  very  quickly  destroyed,  but  we  hope  to  get 
some  more  compact  lime  than  we  have  hitherto  had,  and  to  employ  a 
more  powerful  electric  current.  The  use  of  carbon  or  magnesia  for 
crucibles  will,  we  anticipate,  enable  eiperinients  of  this  kind  to  be 
extended  much  further,  and  applied  to  various  reactions  taking  place 
at  the  temperature  of  the  arc.  In  the  cose  of  carbon  cmcibles  the 
block  of  carbon  itself  will  form  one  electrode,  the   other  electrode 

JtQ.  9. 
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passing  through  a  tnbe  of  lime  as  in  (fig.  8).  It  is  our  intention  to 
try  a  combination  of  the  electric  arc  and  induction  spark  in  these 
omcibles.  It  is  hardly  necessary  to  note  that  the  projection  of  the 
reversals  of  the  lines  of  metallic  vapours  may  be  effected  by  this 
method  better  than  by  any  method  heretofore  in  use. 


February  27,  1879. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Major- General  Thuillier  (elected  1869)  was  admitted  into  the 
Society. 

The  following  Papers  were  read : — 

I.  **  Studies  in  Acoustics.  I.  On  the  Synthetic  Examination  of 
Vowel  Sounds."  By  William  Henry  Preece  and  Augus- 
tus Stroh.  Communicated  by  the  President.  Received 
February  17,  1879. 

[Platbb  6,  7.] 

1.  The  authors  of  this  paper  have  devoted  much  time  during  the 
past  twelve  months  to  a  study  of  sonorous  vibrations  and  the  reproduc- 
tion of  speech.  The  invention  of  the  phonograph  has  proved  a  great 
stimulus  to  this  study.  Many  have  worked  in  the  same  field,  and 
many  of  the  facts  elicited  by  the  authors  have  been  anticipated  by 
those  who  have  been  able  to  give  more  continuous  study  to  the  subject. 
Nevertheless,  the  mode  of  enquiry,  the  apparatus  employed,  and  the 
results  obtained  are  thought  to  be  of  sufficient  novelty  to  justify  their 
being  brought  before  the  Royal  Society. 

2.  The  curves  traced  by  the  vibrating  disk  of  the  phonograph  on 
tinfoil,  whether  examined  microscopically  or  reproduced  by  a  species  of 
pantelograpb,  were  soon  found  to  be  insufficiently  delicate  to  give  the 
nicer  shades  of  sound,  and  to  isAX  to  indicate  the  true  curve  of  vibra- 
tions in  all  cases.  This  is  shown  by  the  imperfect  reproduction  of 
speech  by  the  phonograph  itself ;  the  merging  of  the  labial  and  dental 
sounds  into  one  another,  and  the  absence  of  all  the  sibilants  and 
generally  of  the  '*  noises  "  of  speech.  The  phonograph  is  in  reality  a 
very  imperfect  speaker,  and  it  requires  the  aid  of  much  imagination 
and  considerable  guessing  to  follow  its  reproductions.     It  produces 
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miLsic  with  wonderfal  perfection,  but  it  fidls  to  reprodaoe  most  of  tlw 
'*  noises  "  of  which  speech  is  so  largely  made  up.  The  telephona  is 
also  deficient  in  this  respect^  though  to  a  much  less  degree. 

3.  The  first  object  of  the  anthors  was  to  find  a  disk  which  would 
vibrate  to  the  finest  shades  of  sonorous  vibrations,  and  which  would 
be  free  from  those  characteristic  and  '*  personal "  partials  which  are 
nearly  inseparable  from  all  vibrating  disks,  and  which  interfere  with 
their  tme  action.  After  innumerable  experiments,  on  almost  all  known 
forms  and  substances,  a  stretched  membrane  of  thin  india-rubber 
rendered  rigid  by  a  cone  of  paper,  was  found  to  give  the  best  effects. 
Sach  a  disk  was  applied  to  the  telephone  and  the  phonograph  with 
fair  results,  and  the  apparatus  shown  in  fig.  1  was  then  constructed  to 
record  its  vibrations.  To  the  centre  of  the  cone  a&,  shown  in  perspec- 
tive and  section  in  fig.  1,  which  was  placed  in  a  mouthpiece  similar  to 
that  of  a  phonograph,  was  attached  an  extremely  fine  glass  tube  (g)^ 
which  acted  as  a  pen.  The  ink  employed  was  aniline  dye,  and  it  was 
drawn  throngh  the  pen  by  the  very  slight  Motion  exerted  between  its 
point  and  the  paper.  The  paper  (p)  on  which  the  curves  were  to  be 
'drawn  was  the  broad  band  frequently  used  for  telegraphic  purposes, 
and  it  was  moved  under  the  pen  by  mechanism  similar  to  that  used  in 
the  Wheatstone  automatic  telegraph  apparatus,  at  a  speed  which  could 
be  varied  at  will  from  1  to  18  inches  per  second. 

4.  In  this  way  corves  were  obtained  illustrating  the  sonorous 
vibrations  due  to  the  tones  of  speech,  bat  their  form  was  not  so 
perfect  as  could  have  been  wished,  due  to  the  imperfections  of  the 
disk,  as  well  as,  perhaps,  to  the  friction  of  the  pen  filling  to  indicate 
the  higher  upper  partials.  Bun  at  a  slow  speed,  this  instrument 
records  the  variations  of  air  pressure  in  fixmt  of  the  lips ;  run  at  a 
high  speed  it  records  both  air  pressure  and  sonorous  vibrations.  It 
thus  combines  the  functions  of  Barlow's  logograph  and  Leon  Scott's 
phonautograph. 

5.  It  is  intended,  in  this  paper,  to  confine  our  observations  to  those 
facts  illostrating  vowel  sounds,  a  graphic  representation  of  which, 
<irawn  by  the  new  phonautograph,  is  given  in  the  following  skatoli 
<fig.  2). 

6.  Helmholta's  theory  of  vowel  sounds  is  this: — Vowels  are  compound 
musical  tones,  or  resultant  sounds  formed  by  the  combination  of  certain 
components  or  simple  tones  called  partials.  The  first  partia],  whioh 
determines  the  pitch  of  the  whole,  is  called  the  prime,  and  the  others 
its  upper  partials.  The  partials  depend  upon  the  xeinforcements  due 
to  the  cavity  of  the  mouth.  Vowels  do  not  depend  upon  the  pitch  of 
the  prime  alone,  or  on  the  grouping  or  harmony  of  the  partials  alone, 
but  on  both.  The  ear  most  distingnish  each  component;  it  must 
recognise  the  kind  of  cavity  producing  the  zeinf oroements,  and  there- 
fore it  determines  the  diffsrent  vowels.    This  theozy  has  been  par^f 
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coiilirmcd    recently    by  IMessrs.   Fleeniiiig  Jeiikin  and  Ewing,   by  an 
analytical  examination  of  phonographic  tracings,  fully  described  by 
them  in  a  paper  read  before  the  Royal  Society  of  Edinburgh. 
7.  The  principal  vowel  sounds  are — 


Ah,  as  in 

A 

E 

O 


»» 


»> 


oo 


>> 


>> 


path 

hay 

he 

old 

good. 


There  are  several  others  which  are  modifications  of  these  five,  such 
i«^  as  in  gut ;  d^  as  in  bad  ;  aio  as  in  law,  &c. 
The  diphthongs  are  : — 

i  which  is  compounded  of  ah  and  e. 
u  ,,  „  e  and  oo. 

y  „  ,,  oo,  ah,  and  e. 

8.  The  cavity  of  the  mouth  changes  during  the  articulation  of  these 
diphthongs — it  remains  constant  during  the  articulation  of  vowels.  It 
is  thought  that  the  influence  of  the  first  emission  of  breath  in  dis- 
tinguishing the  character  of  the  vowels  has  been  lost  sight  of,  and 
that  in  addition  to  the  influence  of  the  cavity  of  the  mouth,  some 
allowance  must  be  made  for  the  increment  and  decrement  of  the 
sonorous  vibrations,  as  well  as  for  the  variation  of  air  pressure  at  the 
commencement  and  completion  of  a  vowel  sound.  Helmholtz  has 
acknowledged  the  influence  of  these  operations  in  consonants  and 
compound  musical  tones  generally,  but  he  has  not  considered  them  in 
vowel  sounds.  The  previous  diagram  (fig.  2)  shows  what  an  essential 
feature  they  bear  on  vowel  sounds'. 

9.  The  manner  in  which  vowel  sounds  blend  into  each  other  is 
strikingly  shown  in  the  way  in  which  different  dialects  deal  with 
different  vowels.  Thus,  what  a  London  man  calls  subject  a  Lancashire 
man  calls  soobject;  a  Londoner  says  Mdiichester^  a  Lancashire  man 
Mawnchester,  a  Scotchman  Mmichester.  Under  is  often  pronounced 
diider.  We  need  not,  however,  examine  different  dialects  to  discover 
this  curious  blending  of  vowel  sounds ;  it  is  found  in  inhabitants  of 
the  same  district  to  a  greater  or  less  extent.  Thus  with  the  word 
Manchester,  Londoners  often  say  Menchester,  Maiichester,  or  Mamchester. 
In  every  case  which  the  authors  have  investigated,  this  change  of 
vowel  sound,  due  to  dialect,  is  simply  due  to  the  shifting  or  lowering 
of  the  upper  partials. 

10.  The  order  of  the  principal  vowels,  which  is  given  above,  does 
not  follow  any  theoretical  principle.  It  would  seem  that  a  better 
order  to  follow  would  be  one  dependent  on  the  pitch  of  the  partials 
tm  gvnm  by  Helmholtz. 


• 
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2!  \\\\\\'.'.    o""     ^  }nh-(gTit). 

>     aw — (law). 
3.  ..    ah^  J 

\         &  —(bad). 


4 a 

5 0 

All  the  subsidiary  vowels,  sncli  as  nh,  aw,  &,  take  up  intermediate 
positions  in  this  scale,  so  that,  in  fact,  we  may  say  that  there  is  a 
vowel  spectrum,  in  which  the  different  sounds  merge  into  each  other 
by  almost  imperceptible  gradations,  and  hence,  probably,  the  difference 
in  dialectical  pronunciation. 

11.  In  the  following  investigation,  a  method  opposite  to  that  of 
Messrs.  Fleeraing  Jenkin  and  Ewing  has  been  adopted,  i.e.,  the 
question  has  been  attacked  by  the  method  of  synthesis.  It  has  been 
assumed  that  vowels  are  compounded  of  a  prime  sound  and  certain 
upper  partials,  and  the  number  of  these  partials  has,  for  convenience, 
been  taken  an  8,  although  there  are  many  more.  Indeed,  we  have 
taken  in  some  cases,  the  10th,  12th,  and  IGth.  Now,  since  each 
partial  can  be  considered  as  a  simple  harmonic  curve,  if  we  assume 
tlie  pitch  of  a  prime  to  be  constant,  then  it  would  be  possible,  by 
means  of  a  ma<;hine,  to  represent  and  vary  each  partial  in  phase  and 
in  amplitude.  For  this  purpose  an  instrument  was  constructed,  which 
we  call  "  the  synthetic  curve  machine,"  in  which  a  number  of  toothed 
wheels,  A,  B,  C,  D,  E,  F,  G,  H,  &c.  (figs.  8  and  4)  are  mounted  on 
steel  pins  or  axes  rigidly  fixed  on  a  board,  so  that  they  will  revolve 
together,  and  the  numbers  of  their  teeth  are  so  calculated  that 
during  one  revolution  of  the  wheel  A,  B  will  make  two,  C  three, 
D  four,  E  five,  F  six,  G  seven,  H  eight  revolutions,  and  so  on.  The 
wheel  I  has,  on  its  prolonged  axis,  a  small  crank,  by  means  of 
which  the  whole  system  of  wheels  can  be  rotated.  On  the  same 
axis  is  a  pinion  I',  gearing  into  the  wheel  J,  which,  by  means  of  a 
chain  T,  gives  motion  to  a  sliding  table  R.  Each  head  of  the  pins 
on  which  the  eight  wheels  revolve,  has,  in  its  centre,  a  small  pit  or 
hollow,  in  which  rest  the  pointed  ends  of  eight  steel  rods  (one  of 
which  B'  only  is  represented  in  ^g,  4),  held  in  position  by  eight 
springs  6.  To  the  rod  on  the  wheel  A  is  attached,  near  its  point,  one 
end  of  a  silken  thread  h\  passing  over  the  roller  N',  the  other  end 
being  attached  to  the  rod  on  wheel  B.  The  rods  on  wheels  C  and  D, 
E  and  F,  G  and  H  are  similarly  connected.  The  four  rollers  N  are 
mounted  on  two  levers  U  and  U',  and  these  are  connected  by  links  to 
the  lever  V,  which  is  finally  linked  to  the  lever  P.  This  lever  P  is 
pivoted  at  p,  and  by  means  of  the  spiral  spring  S  keeps  the  levers, 
links,  and  silk  threads  in  a  state  of  tension.  On  the  longer  end  of 
the  lever  P  is  pivoted  another  lever  O,  which  carries  at  ita  aVwyc^Rsi  ^sc^ 
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a  small  counterbalancing  weight  (W),  and  at  its  longer  end  a  glass 
pen  (Q)  containing  saitable  ink.  On  the  table  B  is  placed  a  piece  of 
paper  or  smoked  glass,  which  is  held  there  by  two  spring  clamps.  Each 
of  the  eight  wheels  has  on  its  face  a  number  of  small  holes  or  pits,  into 
which  the  points  of  the  i*ods  B'  can  be  placed,  and  these  are  arranged 
in  eight  rows  radiating  from  the  centre.  When  one  of  the  rods,  for 
instance  that  belonging  to  the  wheel  B,  is  placed  in  position  B",  as 
indicated  by  the  dotted  lines,  and  motion  is  given  to  the  wheels  by 
means  of  the  crank  on  the  axle  belonging  to  the  wheel  I,  the  crank- 
like movement  of  the  rod  B'  will,  by  means  of  the  silk  thread  2^', 
roller  N',  levers  U,  V,  and  O,  cause  the  pen  Q  to  move  to  and  fro 
with  simple  harmonic  motion,  while  the  table  R  will  move  longi- 
tudinally, the  pen  thereby  writing  on  the  paper  a  simple  harmonic 
curve.  This  can  be  done  with  each  of  the  eight  rods  separately,  the 
result  being  in  each  case  a  simple  curve.  Should,  however,  two  or 
more  rods  be  placed  on  the  faces  of  the  wheels,  the  result  will  be  a 
curve  compounded  of  the  sum  of  the  several  simple  curves.  In  order 
to  increase  or  decrease  the  amplitude  of  a  car^e,  the  steel  rods  are 
placed  further  from,  or  nearer  to,  the  centre  of  the  wheels.  Difference 
of  phase  is  obtained  by  shifling  the  rods  to  the  different  radial  rows  of 
holes  on  the  face  of  the  wheels.  Three  additional  wheels,  £[,  L,  M, 
have  been  fitted,  making  10, 12  and  16  revolutions  respectively,  to  one 
turn  of  the  wheel  A,  and  the  rods  belonging  to  neighbouring  wheels 
are  so  arranged  that  they  can  be  borrowed  for  the  use  of  these  smaller 
wheels  if  desirable. 

12.  Besides  assuming  the  pitch  to  be  constant,  it  has  also  been 
assumed  that  each  octave  of  the  partial,  to  maintain  equal  loudness  of 
sound,  must  diminish  one  half  in  amplitude  as  it  rises.     Thus  the 

First  Octave  is  \  the  amplitude  of  the  prime. 

Second      „        \  „  „ 

Third         „       i 


»>  j> 


Fourth  J 


The  intermediate  notes,  such  as  the  third  and  the  fifth,  decrease  in 
intermediate  ratio. 

13.  This  instrument  enables  us  to  form  synthetically  all  the  curves 
produced  by  vowel  tones,  and  to  show  how  these  tones  are  com- 
pounded of  primes  and  harmonic  upper  partials.  It  shows  how  simple 
tones  can  be  produced  by  simple  harmonic  curves,  and  compound  tones 
by  the  simultaneous  action  of  several  simple  tones. 

The  following  figure  (fig.  5),  shows  the  simple  harmonic  curve 
produced  by  each  wheel,  and  several  examples  of  curves  formed  by 
different  components.  In  this  way  curves  have  been  reproduced  as 
shown  in  fig.  6,  representing  the  vowel  sounds  based  on  Helmholtz's 
theory,  as  indicated  by  Mr.  Ellis  in  a  tabular  statement,  at  page  181 
of  hia  translation  of  Helmholtz's  work. 
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Figs.  7  and  7a  show  reproductions  of  the  vowel  0,  sung  at 
different  pitches,  as  determined  bjr  Messrs.  Fleeming  Jenkin  and 
Ewing. 

14.  [It  is  worth  remarking  parenthetically,  that  one  interesting^ 
fact  arising  from  the  operation  of  this  machine,  was  that  curves  could 
be  so  constructed  as  to  give  a  stereoscopic  effect.  One  curve  was 
drawn  simple,  and  the  other,  drawn  in  the  same  line — at  the  proper 
distance  from  it  to  fit  a  stereoscope — was  made  compound,  by  the 
addition  of  a  partial  of  low  amplitude.  The  result  of  the  combination 
by  the  eye  in  a  stereoscope  of  these  two  curves,  was  to  produce  a 
perspective  effect.  By  this  means  curves  have  been  drawn  which  in- 
terlace amongst  each  other,  giving  stereoscopic  effects  in  a  manner 
which  is  unique  and  interesting.  This  has  no  bearing  whatever  on 
the  investigation,  and  is  only  adduced  as  a  scientific  toy  arising  out  of 
the  enquiry.] 

15.  Having  thus  studied  the  formation  of  vowel  sounds,  and  having  a 
means  to  reproduce  the  compound  curves  which  graphically  represent 
the  motions  which  the  air  particles  assume  under  their  influence,  the 
authors  determined  to  try  to  reproduce  these  vowels  by  superimposing 
partials  on  to  a  given  prime. 

Since  vowels  are  produced  by  a  prime  and  its  upper  partials,  and  as 
the  upper  partials  diminish  so  rapidly  in  amplitude,  the  idea  arose  that 
these  vowels  might  be  reproduced  by  sounding  a  prime  and  one  of  its 
partials  alone.  This  was  done  by  means  of  an  electro-magnet  E,  fig.  8, 
vibrating  an  armature  (A)  with  a  moveable  spring  (S)  attached  to  it 
in  such  a  way  that  the  vibrations  of  the  armature  could  produce  a 
given  prime,  while  the  vibrations  of  the  spring,  by  varying  its  length,, 
could  also  be  adjusted  to  any  particular  partial. 

IG.  The  result  was  to  roughly  reproduce  the  principal  vowel  sounds,. 
but  the  effect  not  being  by  any  means  perfect  (due  to  the  absence  of 
tlie  other  upper  partials),  a  machine  was  made  on  the  principle  of  the 
synthetic  curve  machine,  which  would,  instead  of  drawing  curves  on 
paper,  reproduce  eight  partials  by  transferring  the  vibrations  of  the 
intermediate  wheels  to  a  vibrating  diaphragm.  This  machine  consists 
of  eight  wheels  fixed  on  the  same  axis,  the  periphery  of  the  wheels 
being  cut  into  teeth  of  such  a  number  as  to  represent  the  eight  partials. 
Each  tooth  is  a  simple  harmonic  curve,  and  each  wheel  represents  one 
partial.  The  axis  can  be  rotated  by  a  crank  at  any  given  velocity.  By 
dep  ressing  a  key  a  spring  can  be  brought  into  contact  with  the  edge 
of  each  wheel,  and  be  thus  vibrated.  The  vibrations  of  these  springs 
are  transferred  by  thin  cords  and  intermediate  linking  to  a  diaphragm 
of  ebonite.  Each  spring  can  be  depressed  separately  or  simultaneously 
with  others,  and  the  disk  will  vibrate  to  the  resultant  effect  of  all  the 
vibrations.     Thus,  notes  and  chords  can  be  sounded. 

17.  Here  again,  though  the  vowels  were  fairly  reproduced,  some- 
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thing  was  wanting  in  their  clearness.  This  instrument  proves  to  be 
an  excellent  syren,  and  all  the  facts  illustrated  by  the  apparatus  of 
Gagniard  de  la  Tour  and  others  can  be  equally  illnstrated  by  it. 
Moreover,  it  forms  the  basis  of  a  new  musical  instrument  which  there 
has  been  no  time  as  yet  to  mature. 

18.  In  the  hope  of  getting  more  perfect  definition,  another  machine 
was  now  made  upon  which  disks  were  fitted,  whose  peripheries  were 
cut  in  exact  copy  of  the  curve  produced  by  the  synthetic  curve 
machine.  These  curves  were  transmitted  by  vibration  to  the  receiving 
diaphragm  of  a  phonograph,  and  really  formed  an  '*  automatic  phono- 
graph." The  automatic  phonograph  consists  of  an  axle  A,  Bg.  9,  about 
6  inches  long,  one  end  of  «which  carries  a  fly-wheel  B,  and  the  other 
end  a  grooved  pulley  C,  round  which  a  band  or  gpit  passes  from  a 
driving  wheel  D,  fitted  with  a  crank  handle  E.  On  rotating  the 
driving  wheel,  the  long  axle  is  caused  to  make  about  three  revolutions 
to  one  of  the  wheel. 

On  the  long  axle  are  placed,  in  such  a  manner  that  they  can  easily 
be  removed  and  replaced  by  others,  a  number  of  brass  wheels  or  disks, 
a,  a,  a,  a,  the  circumferences  of  which  have  been  cut  by  a  machine 
especially  devised  for  that  purpose  into  the  different  curves  corres- 
ponding exactly  to  the  curves  obtained  by  the  synthetic  curve  machine, 
but  on  a  much  reduced  scale. 

A  diaphragm  Ot  with  spring  and  frame  H,  similar  to  that  in  a  phono- 
graph, is  so  fitted  that  it  can  be  shifted  from  one  disk  to  another,  and 
the  sounds  produced  by  the  different  curves  can  be  readily  compared. 
The  number  of  periods  or  resultant  vibrations  recurring  on  each  wheel 
or  disk  has  for  convenience  been  taken  at  thirty.  Thus,  when  the 
driving  wheel  is  rotated  about  twice  per  second,  180  to  200  vibrations 
are  caused,  resulting  in  a  not^e  a.t  f  or  g  in  the  musical  scale. 

A  number  of  combinations  of  curves  has  been  cut  on  the  circum- 
ferences of  the  brass  disks,  representing  each  vowel  sound  with  certain 
variations  of  the  partials,  as  experience  determined.  These  disks  were 
then  placed  on  the  axle,  and  the  sounds  most  resembling  the  vowel 
sounds  of  the  human  voice  were  easily  recognised. 

19.  In  this  way  it  was  found  that  from  about  /  to  6  in  the  musical 
scale,  the  sound  oo  consists  mainly  of  the  first  partial  or  prime.  But  to 
maintain  the  oo  character  descending  the  scale,  the  second  and  third 
partials  became  slightly  necessary. 

20.  The  prominent  partial  in  the  vowel  sound  0  at  the  same  pitch 
is  the  second,  while  the  first  can  be  reduced  considerably.  The  third 
and  fourth  partials  have  to  be  used  as  the  sound  descends  the  scale, 
otherwise  what  is  0  at  say  h  flat,  will  become  oo  an  octave  lower. 

21.  The  vowel  sound  ah  is  the  easiest  to  reproduce.  It  consists 
chiefly  of  the  third,  fourth,  fifth,  and  sixth  partials  at  the  above  pitch, 
the  first  and  second  partials  being  only  slightly  represented.     A  little 
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more  prominence  to  the  second,  third,  and  fourth  partials  will  resnlt 
in  aw,  while  a  bright  ah  is  obtained  by  increasing  the  amplitude  of 
tl^e  fifth  and  sixth  partials. 

22.  A  very  good  and  fall  ah  is  obtained  by  having  all  the  partials 
equally  represented,  from  the  first  to  the  eighth ;  and  this  really  pro- 
bably takes  place  when  the  human  voice  prononnces  this  vowel,  as,  in 
so  doing,  the  month  cavity  is  fully  opened,  so  as  to  favour  most  of 
the  partials. 

23.  The  vowel  sounds  a  and  ee,  when  reproduced  by  most  of  the 
ordinary  phonographs,  resemble  respectively  more  o  and  ho.  Also  the 
curves  for  a  and  ee,  obtained  by  the  phonautograph,  fig.  2,  resemble 
those  for  o  and  oo.  This  shows,  in  the  first  instance,  that  neither 
instrument  is  sensitive  to  the  higher  upper  partials ;  and,  secondly, 
that  the  lower  partials  for  a  must  be  similar  to  those  in  0,  and  the 
lower  partials  for  ee  must  be  the  same  as  in  oo.  To  prove  this,  two 
disks  were  cut,  one  with  a  curve  composed  of  the  first,  second,  and 
eighth  partials,  and  the  other  of  the  first,  third,  and  eighth  partials. 
The  former,  when  sounded,  produced  a  sound  like  ee,  and  the  latter 
more  like  a. 

24.  The  best  ee  has  been  obtained  from  a  curve  composed  of  the 
best  first,  second,  eighth,  and  sixteenth  partials  ;  and  a  from  a  curve 
composed  of  the  first,  third,  and  sixth  or  eighth  partials ;  but  this 
last  curve  can  hardly  be  called  satisfactory. 

25.  Diagram  10  graphically  illustrates  the  above  facts,  and  the 
following  table  gives  them  in  a  tabulated  form : — 
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Hence,  although  the  reproduction  of  vowels  was  good,  it  was  imper- 
fect. This  is  due  probably  to  the  absolute  impossibility  of  repro- 
ducing the  noises  that  accompany  the  last  two  vowels. 

2G.  One  very  curious  result  arising  from  the  experiments  with  the 
automatic  phonograph  was  to  show  that,  by  varying  the  pitch,  the 
vowel  sounds  could  be  shifted,  t.e.,  the  curve  which  produced  oo  at  a 
low  velocity  becomes  approximately  0  at  a  higher  velocity.  0  similarly 
becomes  ah,  ah  becomes  d,  and  d,  ie. 


366  Studies  in  Acoustics,  [Feb.  27,. 

27.  It  follows  from  this  investigation  843  far  as  it  has  gone,  that  our 
knowledge  of  vowel  sounds  is  not  perfect.  The  principal  proof  of  this 
is  the  fact  that  vowels  cannot  be  reproduced  exactly  by  mechanical 
means.  Something  is  always  missing — probably  the  noises  due  to  the 
rush  of  air  through  the  teeth,  and  against  the  tongue  and  lips. 

28.  The  curves  (fig.  10)  arrived  at  synthetically  do  not  differ  very 
materially  from  those  arrived  at  analytically  by  Helmholtz  (fig.  6). 
They  principally  differ  in  the  prominence  of  the  prime.  But  the 
prime  can  be  dispensed  with  altogether.  Carves  produced  by  the 
synthetic  machine,  compounded  of  the  different  partials  without  their 
prime,  show  that  there  exist  heats  or  resultant  sounds.  A  vowel  sound 
of  the  pitch  of  the  prime  may  be  produced  by  certain  partials  alone, 
without  sounding  the  prime  at  all.  The  beat  in  fact  becomes  the 
prime.  This  point  is  clearly  illustrated,  orally,  by  the  automatic 
phonograph,  and  graphically  by  the  sketch  (fig.  11),  drawn  by  the 
synthetic  curve  machine.  In  fact,  every  two  partials  of  numbers 
indivisible  by  any  common  multiple,  if  sounded  alone,  reproduce  by 
iheir  beats  the  prime  itself  Thus,  the  third  and  the  fifth  partials, 
or  the  second  and  the  third,  <&c.,  will  result  in  the  reproduction 
of  the  prime.  In  fact,  ^g.  11  illustrates  not  only  this,  but  it  shows 
that  when  the  number  of  partials  introduced  is  increased,  the  beats 
become  more  and  more  pronounced. 

II. — The  Loudness  of  Sound. 

29.  Another  point  remaining  for  investigation  arising  out  of  this 
inquiry,  is  the  true  theory  of  the  loudness  of  sound.  It  is  thought  by 
the  authors  that  loudness  does  not  depend  upon  amplitude  of  vibration 
only,  but  also  upon  the  quantity  of  air  put  into  vibration  ;  and,  therefore, 
there  exists  an  absolutely  physical. magnitude  in  acoustics  analogous  to 
that  of  quantity  of  electricity  or  quantity  of  heat,  and  which  may  be 
called  the  quantity  of  sound.  This  can  be  shown  experimentally  by  con- 
structing three  disks  like  those  in  fig.  1,  whose  diameters  increase  in 
arithmetical  ratio.  When  these  disks  are  vibrated  by  the  same  curve 
by  the  automatic  phonograph,  or  when  they  are  thrown  into  vibra- 
tion by  tuning  forks,  it  will  be  found  that  the  intensity  of  sound 
increases  in  a  surprising  ratio.  The  amplitude  remains  just  the  same ; 
the  area  under  vibration  alone  increases.  Thus,  in  the  automatic 
phonograph,  for  two  notes,  one  of  which  is  an  octave  higher  than  the 
other,  the  area  ought  probably  to  be  diminished  one-half  for  the 
higher  to  produce  equal  loudness.  Similarly  lor  the  same  note,  if 
we  increase  the  area  to  be  vibrated  in  its  reproduction,  it  will  be 
found  that,  as  the  area  increases,  so  does  the  loudness  of  the  sound 
emitted.  In  fact,  in  the  automatic  phonograph  the  diameter  of  the 
sounding  disk  ought,  if  it  were  possible,  to  vary  with  the  pitch  of 
each  note,  to  produce  equal  intensity  of  sound. 
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The  authors  are  now  engaged  iu  pnrsning  this  inquiry  into  the  con- 
sonantal sounds. 


II.  "  On  the  Reversal  of  the  Lines  of  Metallic  Vapours."  No.  V. 
By  G.  D.  LiVEiNG,  M.A.,  Professor  of  Chemistry,  and  J. 
Dewar,  M.A.,  F.R.S.,  Jacksonian  Professor,  University  of 
Cambridge.    Received  February  20,  1879. 

Since  our  last  communication  we  have  continued  our  experiments, 
using  the  electric  arc  as  a  source  of  heat,  in  lime  and  in  carbon  cru- 
cibles as  described  before.  Success  depends  on  the  getting  a  good 
stream  of  vapour  in  the  tubular  part  of  the  crucible.  This  is  easily 
attained  in  the  lime  crucibles,  which  quickly  reach  a  very  high  tem- 
perature, but  are  very  soon  destroyed ;  not  so  certainly  in  the  carbon 
crucibles,  which  are  good  conductors  of  heat.  The  latter,  however, 
last  for  a  very  long  time. 

In  our  experiments  with  tubes  heated  in  a  furnace  we  used  a  small 
spectroscope  with  a  single  prism,  which  gave  a  good  definition  and 
plenty  of  light ;  but  in  the  experiments  here  described  we  have  used  a 
larger  spectroscope  by  Browning,  with  two  prisms  of  60°  and  one  of 
45 ''j  taking  readings  on  a  graduated  circle  instead  of  on  a  reflected 
scale. 

Both  in  the  lime  and  in  the  carbon  crucibles  we  have  found  that  the 
finely  channelled  spectrum,  extending  with  great  uniformity  from  end 
to  end,  always  made  its  appearance  so  long  as  the  poles  were  close 
together.  A  few  groups  of  bright  lines  appear  on  it.  We  have  not 
at  present  investigated  this  remarkable  spectrum  further.  In  several 
cases  we  have  observed  the  absorption  lines  of  the  metals  put  into  the 
crucibles  on  this  channelled  spectrum  as  a  background,  but  generally 
when  the  vapours  in  the  crucibles  become  considerable,  the  channel- 
lings  give  place  to  a  spectrum  of  bright  lines  on  a  much  less  bright 
continuous  background ;  we  have  used  generally  thirty  cells  in  the 
galvanic  battery,  sometimes  only  twenty-five,  once  forty. 

The  calcium  line  with  wave-length  4,226  almost  always  appears 
more  or  less  expanded  with  a  dark  line  in  the  middle,  both  in  the  lime 
crucibles  and  in  carbon  crucibles  into  which  some  lime  has  been  in- 
troduced ;  the  remaining  bright  lines  of  calcium  are  also  frequently 
seen  in  the  like  condition,  but  sometimes  the  dark  line  appears  in 
the  middle  of  K  (the  more  refrangible  of  Fraunhofer's  lines  H), 
when  there  is  none  in  the  middle  of  H.  On  throwing  some  alumi- 
nium filings  into  the  crucible,  the  line  4,226  appears  as  a  broad 
dark  band,  and  both  H  and  K  as  well  as  the  two  aluminium  lines 
between  them  appear  for  a  second  as  dark  bands  on  a  continuous 
background.  Soon  they  appear  as  bright  bands  with  dark  middles ; 
gradually  the  dark  line  disappears  from  H,  and  afber^«xd&  1t^\s^1L^ 
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while  the  aluminium  lines  remain  with  dark  middles  for  a  long  time. 
When  a  mixture  of  lime  and  potassium  carbonate  (to  produce  a 
stronger  current  of  vapour  in  the  tube)  was  introduced  into  a  carbon 
crucible  the  calcium  (?)  line  with  wave-length  4,095  was  seen  strongly- 
reversed,  and  the  group  of  three  lines  with  wave-lengths  4,425, 
4,434,  and  4,454  were  all  reversed,  the  least  refrangible  being  the  most 
strongly  reversed,  and  remaining  so  the  longest,  while  the  most 
refrangible  was  least  strongly  reversed  and  for  the  shortest  time. 

Besides  these  reversals,  which  were  regularly  observed,  the  following 
were  noticed  by  us  as  occurring  in  lime  crucibles  but  with  less 
certainty,  perhaps  only  at  the  highest  temperatures.  Dark  bands 
appearing  for  a  short  time  and  dwindling  into  sharp  dark  lines  with 
wave-lengths  about  6,040  and  6,068  (perhaps  due  to  the  oxide) ;  a 
dark  line  replacing  the  most  refrangible  of  a  well-marked  group  of 
several  bright  lines  with  wave-length  5,581  (or  possibly  the  brighter 
line  5,588)  ;  and  the  lines  with  wave-lengths  6,121  and  6,161  reversed 
simultaneously  for  an  instant  and  reappearing  bright  immediately ; 
and  the  line  with  wave-length  5,188  reversed.  When  aluminium  was 
put  into  the  crucible  only  the  two  lines  of  that  metal  between  H  and  K 
were  seen  reversed.    The  lines  at  the  red  end  remained  stoadily  bright. 

When  some  magnesium  was  put  into  a  lime  crucible,  the  h  group 
expanded  a  little  without  appearing  reversed,  but  when  some  alu- 
minium was  added,  the  least  refrangible  of  the  three  lines  appeared 
with  a  dark  middle,  and  on  adding  more  magnesium  the  second  line 
put  on  the  same  appearance  ;  and  lastly,  the  most  refrangible  was 
reversed  in  like  manner.  The  least  refrangible  of  the  three  remained 
reversed  for  some  time  ;  and  the  order  of  reversibility  of  the  group  is 
the  inverse  of  that  of  refrangibility.  Of  the  other  magnesium  lines, 
that  in  the  yellowish-green  (wave-length  5,527)  was  much  expanded, 
the  blue  line  (wave-length  4,703),  and  a  line  still  more  refrangible  than 
the  hitherto  recorded  lines,  with  wave-length  4,354,  was  still  more 
expanded  each  time  that  magnesium  was  added.  These  last  two  lines 
expanded  much  more  on  their  less  refrangible  than  on  their  more 
refrangible  sides,  and  were  not  seen  reversed.  The  bright  blue  line 
(wave-length  4,481)  seen  when  the  spark  is  used,  was  not  visible  either 
bright  or  reversed  ;  and  this  seems  to  be  in  agreement  with  Capron's 
photographs,  which  show  this  line  very  strong  with  the  spark  but  not 
with  the  arc. 

The  following  experiments  were  made  in  carbon  crucibles : — 

When  strontia  was  put  in  the  lines  with  wave-lengths  4,607,  4,215 
and  4,079  were  all  seen  with  dark  lines  in  the  middle,  but  no  reversal 
of  any  strontium  line  less  refrangible  could  be  seen.  After  adding 
some  aluminium  and  some  potassium  carbonate  to  increase  the  current 
of  vapour,  no  reversal  of  any  strontium  red  line  could  be  detected, 
though  momentary  cloudy  dark  bands  were  seen  in  the  red  when 
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fresh  strontia  was  thrown  in.  Two  dark  lines  were  seen  in  the 
extreme  red,  which  proved  to  be  the  potassium  lines  reversed  (wave- 
lengths 7,670  and  7,700). 

With  a  mixture  of  barium  and  potassium  carbonates  the  line  with 
wave-length  5,535  was  strongly  reversed,  and  that  with  wave-length 
4,933  distinctly  so.  When  barium  chlorate  was  dropped  into  a  cruci- 
ble, the  four  lines  with  wave-lengths  4,553,  4,933,  5,535,  and  5,518, 
were  reversed,  and  as  they  remained  so  for  some  time,  it  is  probable 
that  the  action  of  the  oxygen  of  the  chlorate  had  nothing  to  do  with  the 
result.     The  last-named  line  (5,518)  was  the  least  strongly  reversed. 

To  observe  particularly  the  effects  of  potassium  a  mixture  of  lime 
and  potassium  carbonate  previously  ignited  was  thrown  in.  The  violet 
lines  of  potassium,  wave-length  4,044,  came  out  immediately  as  a  broad 
black  band,  which  soon  resolved  into  two  narrower  dark  bands  having 
wave-lengths  nearly  4,042  and  4,045.  On  turning  to  the  red  end  the 
two  extreme  red  lines  were  both  seen  reversed.  No  lines  of  potassium 
between  the  two  extremes  could  be  seen  reversed,  but  the  group  of 
three  yellow  lines  were  all  expanded  though  not  nebulous,  and  other 
lines  in  the  green  were  seen  much  expanded.  These  observations  on 
potassium  were  more  than  once  repeated  with  the  same  results. 

Using  sodium  carbonate  only  the  D  lines  were  seen  reversed  though 
the  other  lines  were  expanded,  and  the  pairs  in  the  green  had  each 
become  a  very  broad  nebulous  band,  and  D  almost  as  broad  a  black 
band.  When  sodium  chlorate  was  dropped  into  a  crucible,  the  pair  of 
lines  with  wave-lengths  5,681,  5,687,  were  both  momentarily  reversed, 
the  latter  much  more  strongly  than  the  former. 

When  a  very  little  charred  rubidium  tartrate  was  put  in,  the  two 
violet  lines  were  sharply  reversed,  appearing  only  as  black  lines  on  a 
continuous  light  background.  Turning  to  the  red  end,  the  more  refran- 
gible of  the  two  lines  in  the  extreme  red  (wave-length  7,800)  was  seen 
to  have  a  decided  dark  line  in  the  middle,  and  it  continued  so  for  some 
time.  The  addition  of  more  rubidium  failed  to  cause  any  reversal  of 
the  extreme  red  line,  or  of  any  but  the  three  lines  already  mentioned. 

On  putting  some  lithium  carbonate  into  the  crucible,  the  violet  line 
of  lithium  appeared  as  a  nebulous  band,  and  on  adding  some  aluminium 
this  violet  band  became  enormously  expanded,  but  showed  no  reversal. 
The  blue  lithium  line  (wave-length  4,604)  was  well  reversed,  as  was 
also  the  red  line,  while  a  fine  dark  line  passed  through  the  middle  of 
the  orange  line.  On  adding  now  a  mixture  of  aluminium  filings,  and 
carl)onates  of  lithium  and  potassium,  the  red  line  became  a  broad 
Ijlack  band,  and  the  orange  line  was  well  reversed.  The  green  line 
was  exceedingly  bright,  but  not  nebulous  or  reversed,  and  the  violet 
line  still  remained  much  expanded,  but  unreversed.  With  regard  to 
the  green  lithium  line,  wo  may  remark  that  we  have  no  doubt  what- 
ever that  it  belongs  to  lithium,  and  that  there  must  have  been  some 
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mistake  in  Thal^n's  observatioii,  which  ascribed  it  ta  caBsium.  We 
have  never  detected  this  line  with  C89sinm,  which,  on  the  other  hand, 
seems  always  to  give  the  characteristic  bine  lines,  both  in  the  spark 
and  in  the  flame,  as  well  as  to  give  the  same  lines  reversed  when  its 
vaponr  is  nsed  as  an  absorbent. 

When  metallic  indinm  was  introdnced  into  the  cmcible,  both  the 
lines  with  wave-lengths  4,101  and  4,509  were  at  once  seen  strongly 
reversed,  and  so  continued  for  some  time.  No  other  absorption  line 
of  indium  could  be  detected. 

It  is  apparent  that  the  expansion  of  lines,  so  often  observed  when 
fresh  materials  are  introduced,  must  be  ascribed  to  increase  in  the 
density  of  the  vapours,  not  to  any  increase  of  temperature.  Moreover, 
the  length  of  tube  which  reaches  a  very  high  temperature  in  the  expe- 
riments above  described  is  very  short  in  the  lime  crucibles,  and  still 
shorter  in  the  carbon  crucibles,  so  that  the  reversing  layer  is  also  short 
in  many  cases.  We  are,  therefore,  directing  our  attention  to  the  means 
of  heating  up  a  longer  length  of  the  tubes,  either  by  introducing  oxy- 
hydrogen  jets,  or  additional  electric  arcs  one  above  another ;  and  also 
to  the  introduction  of  reducing  gas  (hydrogen  or  carbonic  oxide)  to 
counteract  the  oxidising  action  of  the  air  which  is  drawn  in  through 
the  lateral  openings. 

The  curious  behaviour  of  the  lines  of  difEerent  spectra  with  regard 
to  reversal  has  induced  us  to  compare  the  bright  lines  of  the  chromo- 
sphere of  the  sun,  as  observed  by  Young,  with  those  that  are  reversed 
in  our  crucibles.  It  is  well  known  that  some  of  the  principal  lines  of 
metals  giving  comparatively  simple  spectra,  such  as  lithium,  aluminium, 
strontium,  and  potassium,  are  not  represented  amongst  the  dark  lines 
of  Fraunhofer,  while  other  lines  of  those  metals  are  seen:  and  an 
examination  of  the  bright  chromospheric  lines  shows  that  special  rays 
highly  characteristic  of  bodies  which  appear  from  other  rays  to  be 
present  in  the  chromosphere  are  absent,  or  are  less  frequent  in  their 
occurrence  than  others. 

In  the  following  tables  the  relation  between  our  observations  on 
reversals  and  Young's  on  the  chromospheric  lines  is  shown. 
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Lines  in 
ware-lengths. 

Frequency 

Behaviour. 

in  chromo- 

Reyersal  in  our 

Bemarks. 

sphere. 

tubes. 

Lithium  ..     6,705 

0 

Beversed  .......... 

Most  characteristic, 
at  low  temperature 

and  low  density. 

6,101 

3 

Difficultly  reyersed. 

4,972 

0 

0 

4,603 

0 

Beadily  reversed. 
Yery  dilEused 

4,130 

0 

Described    by  Bois- 

baudran. 

MogneBiiuii  5,527 

40 

Expanded. 

6i  5,183 
ij  5,172 
^4  5,167 

50 
50 
SO 

Reversed 

*  Most  characteristic. 
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1,                 .....a..... 

Difficultly  reversed . . 

4,703 

0 

Much  expanded. 

?  4,586 

0 

II            If          •  «  .  . 

Doubtful  whether 
due  to  magnesium. 

4,481 

0 

Not  seen  either  bright 

Characteristic         of 

or  reversed. 

spark  absent  in  arc. 

Barium  . . .    6,677 

• 

25 

0 

May  be  either  Ba  or 

6,496 

18 

0 

May  be  either  Ba  or 
Sr. 

6,140 

25 

0 

5,534 

50 

Beadily  reversed .... 

Most  persistent. 

5,518 

15 

Beversed. 

4,933 

30 

Well-marked  ray. 

4,899 

30 

II          ••.•...... 

0 

4,553 

10 

Pretty    readily    re- 
versed. 

'     Strontium.    6,677 

25 

0 

May  be  Sr  or  Ba. 

6,496 

18 

0 

If        II        II 

4,607 

0 

Beadily  and  strongly 
reversed. 

Most  characteristic. 

4,215 

40 

Beadily  reversed  .... 

Well  marked. 

1                          4,077 

25 

»            i»        «... 

II        II 

Calcium...    6,161 

8 

Beversed  difficultly . . 

Very  bright. 

6,121 

5 

II              II 

5,587 

2 

Doubtful  reversal. 

5,188 

10 

Beversed. 

4,587 

2 

0 

4,576 

4 

0 

4,453 

0 

Beadily  reversed. 

4,435 

1 

II            II 

4,425 

2 

»»            II 

4,226 

3 

Most  easily  reversed . 

Very  characteristic. 

4,095  (?) 

0 

Strongly  reversed. 

3,968 

75 

Well  reversed. 

3,933 

1 

50 

Bather  more  readily 
than  the  last. 

Aluminium.    6,245 

8 

0 

Strong  lines. 

6,237 

8 

0 

3,961  1 
3,943  J 

0 

Strongly  reversed. . .  • 

Very  marked. 
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Lines  in 
wave-lengths. 

Frequency 
in  chromo- 
sphere. 

Behayiour. 

Beversal  in  our 

tuhes. 

Remarks. 

Potassium..   7,670  1 
7,700/ 
4,044  1 
4,042  / 

0 
3 

Strongly  reversed. . . . 

Chief  rays. 
Well  marked. 

Cesium ....   6,990 
4,555 

10 
10 

0 

Strongly  reversed. . . . 

Most  marked. 

In  a  subsequent  communication  we  intend  to  examine  carefully  the 
contents  of  the  preceding  table.  In  the  meantime  we  may  remark 
that  the  group  calcium,  barium,  and  strontium,  on  the  one  hand,  and 
sodium,  lithium,  magnesium,  and  hydrogen,  on  the  other,  seem  to 
behave  in  a  similar  way  in  the  chromosphere  of  the  sun. 
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The  following  Papers  were  read : — '• 


L  "  Observations  on  the  Physiology  of  the  Nei*voiis  System  of 
the  Crayfieh  (Astacus  Fluinatilis)"  By  James  Ward,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  Conmimiicated  by 
Michael  Foster,  M.D.,  F.R.S.,  Praelector  of  Trinity  College, 
Cambridge.    Received  Febniary  17,  1879. 

I.  WJien  (me  of  the  supra-cesophagedl  commissures  is  divided,  the  whole 
body  of  the  crayfish  on  the  injured  side  is  more  or  less  enfeebled,  with 
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the  exception  of  the  swimmerets  and  possibly  the  gnathites.  The  change 
is  most  marked  in  the  antennas  and  eye-stalks,  which  barely  respond 
to  considerable  excitation ;  and  after  these  perhaps  in  the  abdomen, 
the  power  of  swimming  or  turning  over  being  generally  entirely  lost. 
The  muscles  connecting  the  abdominal  segments  on  the  injnred  side 
are  relaxed,  and  the  tail-fin  appendages  on  that  side  are  no  longer 
spread  out  in  the  normal  manner,  but  remain  more  or  less  overlapping 
and  hang  down  like  broken  limbs.  This  leads  to  a  want  of  symmetry 
which  is  most  conspicuous  during  movement :  it  almost  disappears 
when  the  nervous  connexion  with  the  abdomen  is  entirely  severed  by 
a  cut  between  the  first  and  second  segments.  No  clear  difference  is 
discernible  in  the  pinch  of  the  two  cheliB,  but  in  prehension  and 
locomotion  all  the  limbs  on  the  side  of  the  injury  are  weakened.  In 
consequence  of  this,  when  walking  forward  the  course  taken  is 
towards  the  sound  side,  in  backing  the  course  is  towards  the  injured 
side.  The  chelsB  during  progression  show  a  bias  towards  the  sound 
side  ;  that  is  to  say,  when  the  right  commissure  is  cut,  they  are  both 
directed  towards  some  position  on  the  animal's  left,  and  vice  versd 
when  the  left  commissure  is  cut.  There  is  a  tendency  when  walking 
to  flop  suddenly  forwards,  and  in  some  cases  to  "  wabble  "  from  side  to 
side. 

II.  So  long,  however,  as  the  other  commissure  remains  intact,  there 
is  no  lack  of  spontaneity  and  purpose  in  the  movements  of  the  cray- 
fish ;  but  when  this  too  is  severed,  that  isy  when  both  commissures  con^ 
necting  the  supra-  with  the  sub-OMOphageal  ganglion  are  divided^  every- 
thing of  the  kind  disappears,  save  that  occasionally  the  antennae  are 
waved  about  in  the  normal  fashion,  though  much  more  feebly.  The 
animal  lies  on  its  back,  the  maxillipedes,  the  chelae,  and  the  first  three 
pair  of  legs,  for  the  most  part,  swinging  slowly  to  and  fro  in  perfect 
teinjpo ;  not,  however,  as  the  swimmerets  do,  both  sides  synchronously, 
but  with  the  movements  of  one  side  alternating  with  those  of  the 
other.  On  a  very  slight  disturbance,  and  at  intervals,  without  any 
obWous  cause,  this  rhythmic  swing  gives  place  to  feeding  or  "  preen- 
ing "  movements,  the  last  being  chiefly  confined  to  the  fourth  pair  of 
legs,  which  take  no  part  in  the  rhythmic  swing.  The  feeding  move- 
ments are  a  perfect  mimicry  of  the  movements  made  when  food  is 
actually  seized.  These  last  appear  to  be  in  all  respects  perfectly  co- 
ordinated ;  so  much  so,  indeed,  that  the  chelate  legs  will  wait  their 
turn  to  pass  their  morsel  to  the  mouth  when  scraps  are  placed  in  all 
of  them  at  once.  But  neither  they,  nor  the  chelas,  nor  the  posterior 
maxillipedes,  show  any  selective  power,  even  the  animaFs  own 
antennae  being  seized:  the  first  evidence  of  taste  appears  when  the 
food  gets  within  the  gape  of  the  mandibles. 

When  placed  on  a  table,  the  ambulatory  legs  are  straightened  out  so 
as  to  lift  the  body  as  if  upon  stilts,  the  half  flexed  abdomen  barely 
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tonclimg  the  gronnd  with  the  tail-fin.  In  this  position  the  animal 
will  remain  for  a  minute  or  so,  one  or  more  cf  the  chelate  lege- 
engaging  in  feeding  movements,  while  the  last  pair  are  doing  their 
best  to  preen  the  abdomen.  At  length  there  is  an  attempt  at  locomo- 
tion, the  limbs  being  moved  slowly  and  in  a  tottering  fashion,  though 
with  fair  co-ordination,  till  after  a  few  steps,  having  no  power  to 
recover  its  equilibrium,  the  animal  rolls  over  helplessly  on  to  its  back. 
In  some  cases  the  chelsB  were  folded  rigidly  across  each  other  so  as  to 
render  locomotion  impossible. 

III.  When  both  commissures  are  divided  behind  the  suh-ossophageal 
ganglion,  the  antennsB  are  moved  more  frequently  and  more  vigorously 
than  in  the  last  case :  the  eye-stalks  too  are  oftener  in  motion.  The 
rhythmic  swing  is  not  infrequent  in  the  posterior  maxillipedes,  but 
very  exceptional  and  of  very  short  duration  elsewhere  Preening 
movements  are  more  common  than  under  the  last  head,  and  in  these 
all  four  pairs  oftener  take  part;  but  feeding  movements,  save  after 
external  excitation,  are  quite  exceptional.  Then,  however,  they  are 
vigorous  enough,  but  the  chelate  legs  are  very  uncertain  in  their  aims 
at  the  mouth,  do  not  loose  their  hold  of  the  food  when  they  get  it  there, 
and  all  of  them  attempt  to  crowd  food  into  the  mouth  together.  But 
the  food  is  frequently  rejected :  in  two  cases  out  of  three  in  which  the 
experiment  was  tried,  this  **  sulkiness  "  disappeared  on  dividing  the 
supra-oesophageal  commissures. 

On  the  table  these  crayfish  are  unable  to  support  themselves,  the 
chelie  sprawl  helplessly  on  either  side  and  the  legs  are  for  the  most 
part  doubled  up  under  the  body.  The  posterior  maxillipedes  alone 
retain  their  wonted  strength,  and  by  means  of  these  the  cephalothorax 
is  raised  from  the  ground  two  or  three  times  a  minute  till  they  are 
exhausted ;  the  antennae  too  being  waved  vigorously  all  the  time. 

IV.  In  three  cases  in  which  a  longitudinal  division  of  the  »upra^ 
oesophageal  ganglion  was  accomplished  fairly  satisfactorily,  the  animal 
assumed  the  stilted  position  above  described,  but  the  abdomen,  instead 
of  being  bent  sharply  downwards,  was  alternately  elevated  to  the 
utmost  and  then  depressed  and  sometimes  curved  rigidly  backwards 
for  a  minute  or  more :  at  which  times,  owing  to  the  rigor  of  the 
chelse,  it  was  possible  to  make  the  animal  stand  upon  its  head.  These 
animals  had  considerable  power  of  maintaining  equilibrium  and  were 
active  in  the  water,  making,  however,  very  pronounced  "  circus-move- 
ments." Their  ambulatory  legs  were  always  obedient  to  the  impulse 
to  walk,  and  never  betook  themselves  to  feeding  or  preening  move- 
ments at  such  times. 

From  the  foregoing  it  may  perhaps,  with  more  or  less  probability, 
be  inferred  : — 

({I.)  That  there  is  no  decussation  of  the  longitudinal  fibres  in  the 
nervous  system  of  the  crayfish. 
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(6.)  That  on  the  presence  of  the  snpra-oesophageal  ganglion  depend 
(1)  the  spontaneons  activity  of  the  animal  as  a  whole,  or  what  might 
be  called  its  volitional  activity ;  (2)  the  power  to  inhibit  the  aimless 
and  wasteful  mechanical  activity  of  the  lower  centres ;  (3)  the 
power  to  maintain  equilibrium ;  and  (4)  the  use  of  the  abdomen  in 
swimming. 

(c.)  That  the  sub-oesophageal  ganglia  are  the  centres  for  co- 
ordinating (1)  the  locomotive*  and  (2)  the  feeding  movements,  and 
(3)  for  the  rhythmic  swing  described  under  II.  (The  stilted  gait  in 
II  and  the  vigour  of  the  posterior  maxillipedes  in  III,  the  limbs 
connected  with  the  other  centres  being  then  disabled  for  locomotion, 
seem  to  show  that  the  sub-oesophageal  ganglion  is  the  source  of  a 
considerable  amount  of  motor  energy.) 

(d,)  That  there  is  much  less  solidarity,  a  much  less  perfect  con^ 
sensus,  among  the  nervous  centres  in  the  crayfish  than  in  animals 
lijgher  in  the  scale.  The  brainless  frog,  e.g.,  is  motionless  except  when 
stimulated,  and  even  then  does  nothing  to  suggest  that  its  members 
have  a  life  on  their  own  account;  whereas  the  limbs  of  a  crayfish 
deprived  of  its  first  two  ganglia,  are  almost  incessantly  preening,  and 
when  feeding  movements  are  started,  the  chelate  legs  rob,  and  play 
at  cross  purposes  with,  each  other  as  well  as  four  distinct  individuals 
could  do. 

(e.)  That  some  stimulus  from  other  centres  is  more  or  less  necessary 
to  the  activity  of  any  given  centre.  This  conclusion  is  rendered,  at  all 
events,  probable  (I)  by  a  comparison  of  the  activity  of  the  antennsd 
and  eye-stalks  in  I,  II,  and  III ;  (2)  by  the  diminution  in  the  spon- 
taneous feeding  movements  in  III;  and  (3)  by  the  simultaneous 
increase  in  the  preening  movements — the  excitations  from  the  tail-fin 
region  having  no  longer  a  counterpoise. 

(/.)  The  "  natural  *'  discharge  of  a  ganglionic  centre  (not  ex- 
hibiting "  volition  ")  appears  to  bo  of  a  rhythmic  kind  ;  the  rhythmic 
movements  becoming  converted  into  varied  movements  by  temporary 
augmentation  or  inhibition.f 

It  remains  to  mention  one  or  two  outlying  points.  There  is  much 
in  the  action  and  inaction  of  the  mandibles,  to  suggest  very  consider- 
able independence  between  the  centre  for  their  movements  and  that  for 
the  movements  of  the  maxillipedes — ^which  last  is  doubtless  situated  in 
the  sub-OBsophageal  ganglion.  Thus  the  mandibles  in  several  cases  lost 
the  power  to  move  while  the  maxillipedes  continued  unaffected,  and 

*  In  further  proof  of  this  position  it  may  be  added  that,  when  the  commissuref 
are  divided  behind  the  second  thoracic  ganglia,  the  animal  crawls  with  extreme 
difllcultj  by  alternate  advances  of  the  cheUs  alone ;  and  that  when  they  are  divided 
behind  the  third  it  walks  by  alternate  advances  both  of  the  chehe  and  the  first  pair 
of  legs :  the  other  legu  in  each  case  being  rucked  together  in  confusion. 

t  Is  there  such  a  rhytlim  at  the  bottom  of  *'  volitional  '*  movements  P 
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they  never,  at  any  time,  participated  in  the  rhythmic  swing  or  feeding 
laovements  of  these  last. 

Gentle  pressure  on  the  anns  or  the  sexnal  organs  excitet  or  inkibiU 
the  awimmerets,  according  ea  they  are  already  at  rest  or  in  motion, 
and  leads,  where  possible,  to  a  folding  of  the  abdomen.  The  feeding 
and  preening  movements  are  also,  as  a  rale,  bronght  to  a  complete 
standstill  by  Blight  irritation  of  the  anna,  the  after  movements  being 
in  all  cases  more  violent.  So  long  as  the  nervons  connexion  with  the 
tail-fin  remained  intact,  the  swimmerets  can  be  excited  to  considerable 
activity  by  touching  this  region,  but  when  this  connexion  is  destroyed, 
it  is  witli  difficulty  they  are  made  to  move  at  all. 

The  experiments,  of  which  the  above  is  a  brief  and  preliminaiy 
account,  were  carried  on  at  the  Physiological  Laboratory,  Cambridge. 
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The  collection  of  Comalvla  made  by  the  staff  of  the  "  Challenger  " 
includes  specimens  from  45  different  localities,  but  few  of  which  tn 
deep-water  stations.  Comaiulce  were  only  obtained  seven  times  from 
depths  exceeding  1,000  fathoms,  namely  at:-— 


175 

147 


DspUi. 
1,050  fathoms 
1,070 
1,350 
1,600 


158 


244 


2,900 


At  lesser  depths,. 200 — 1,000  fathoms,  Oomatulci  were  met  with  at 
13  stations ;  bat  by  far  the  greatest  number  both  of  species  and  of 
individuals  were  dredged  at  depths  much  less  than  200  fathoms,  and 
often  less  than  20  fathoms,  at  26  widely  distant  stations. 


No. 
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1 
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1 
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a 
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4 

48 
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10-80 
850 
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"i 

i 

1 

8 

Bd^ 
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ttJ; 

i 

1 

i 

i 

(1 

3 

6 
6 

20 
21 

ea 

23 
24 
25 
26 
27 
28 
29 
80 
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as 

H8 
81 
35 
88 
37 
88 
SB 
40 
41 
42 
43 
44 
45 

135 

147 
149 

150 

151 
158 
160 
163* 
164 
]69 
170 

174 

175 
186 
187 

190 
192 

201 

205 
208 
£10 
212 
214 
218 
219 

238 
£36 
236 
844 
808 
820 
844 

Off  Tristan  d'Acunlia 

550 
10—20 
60-76 
1,000 
20—60  1 

is! 

160 

75 
1,800 
2,600 
Z-10 

930 

700 

630 

210, 256, 610 

1,350 

8—11 

8 

6 

49 

129 

17 

'io 
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18 
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14 
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1 

I 

1 
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r  Balfour  Bay... 

EerguclenJ  Eajni  Sound. .. 

ICspaM^jlear.. 

To™B.„>i..{S"f-J"" 

Cape  York,  Sept.  9,  1874.".. 

At  thepreseat  time  I  regard  the  collection  as  containing  111  species, 
mostly  new ;  bat  aa  the  work  of  examination  and  deBcription  pro* 
greases,  it  is  not  nnlikely  Ihat  forms  which  I  now  conBider  different 
may  tnm  out  to  be  merely  local  varietieB  of  one  and  the  same  speciee, 
BO  that  the  number  giv^n  above  way  be  subject  to  alteration. 
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Of  these  111  species,  59  belong  to  the  genns  Antedon^  48  to  AcHno- 
nietray  1  to  Ophiocrinus,  and  3,  which  are  peculiar  in  having  ten  rays 
to  the  calyx  instead  of  only  five,  to  a  new  genus  for  which  I  propose 
the  name  Fromachocrinus  (^vpofiaxof,  *'  Challenger.")  It  may  be 
thought  that  this  peculiarity  is  hardly  a  sufficient  reason  for  the 
erection  of  a  new  genus  to  receive  these  three  species.  It  is,  however, 
a  much  more  striking  one  than  that  on  which  the  genus  Ophiocrinus 
is  based,  viz.,  the  presence  of  five  arms  only,  as  the  rays,  unlike  those 
of  most  CamatulcB,  do  not  divide  but  bear  the  arms  directly.  In  Pro- 
machocrlnus  on  the  other  hand,  there  are  ten  distinct  rays,  the  radial 
pentagon  which  is  in  contact  with  the  centrodorsal  consisting  of  ten 
separate  pieces,  and  not  of  five  only,  as  in  OpkiocriniM  and  in  the  other 
ComatulcB. 

In  two  of  the  species  the  rays  are  undivided  as  in  Ophiocrinug  ;  but 
in  the  third  they  divide,  as  in  our  common  Antcdon  rosacea^  so  that 
there  are  twenty  arms. 

This  character,  the  presence  of  ten  rays,  is  evidently  not  an  acci- 
dental one,  like  the  existence  of  more  or  less  than  five  rays  in  other 
Comatulce  and  in  Rhizocrinus.  In  the  latter  genus  individuals  with 
four  to  six  rays  are  common,  and  cases  of  seven,  though  rare, 
may  occur.  Among  the  ComatulcB^  however,  it  is  very  different. 
I  have  carefully  examined  three  large  Comatida  collections  besides 
that  of  the  "  Challenger,"  viz.,  those  of  the  British  and  Paris  Museums, 
and  Professor  Semper's  collection  from  the  Philippine  Islands.  Out 
of  the  nearly  200  species  contained  in  these  collections  I  have  found 
but  two  specimens  in  which  there  are  not  five  rays  in  the  calyx.  In 
one  of  these  there  are  only  four,  and  in  the  other  six  rays,  though  in 
other  individuals  of  each  species  there  are  five,  the  normal  number. 

The  distribution  of  Fromachocrinus  is  as  follows : — 

P.  Kerguelenais  (20  arms).    Balfour  Bay,  Kerguelen,  20 — 60  fathoms. 

Boyal  Sound  „         28  fathoms. 

Cape  Maclear         „         30        „ 
Heard  Island  75         „ 

P.  ahyssorum  (10  arms).  Station  147 1,600        „ 

„      158 1,800 

P.  NaresU  (10  arms).  „       214 500         „ 

Ophiocrinus  was  obtained  at  four  localities  at  depths  varying  from 
565  to  1,070  fathoms,  two  in  the  South  Pacific,  off  South  Australia 
and  New  Zealand  respectively,  and  two  in  the  North  Pacific,  one  off 
Japan,  and  one  just  north  of  the  Philippine  Islands.  All  the  speci- 
mens belong  to  one  species,  which  is  by  no  means  so  slender  and 
graceful  as  Semper's  Philippine  species  f!rom  shallower  water,  but 
has  a  much  more  massive  arm  skeleton. 

Among  the  numerous  species  of  Antedon  (59)  and  AcUnometra  (48) 
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the  only  species  whicli  I  have  been  able  to  identify  with  any  certainty 
are: — 

Antedon  EschriehHi.  Aciinomeira  multiradicUa. 

„       maerocnema,  „  fimhriata. 

„       Bradliensis  (Liitk,^.  „  Novcb  GuinecB, 

„  trichoptera, 

Miiller's  specific  diagnoses  are,  as  is  well  known,  very  incomplete ; 

,  and  it  is  possible  that  a  personal  examination  of  his  original  specimens 

will  enable  me  to  identify  more  of  his  species  than  I  can  at  present.     I 

am  inclined  to  think  that  besides  the  above-mentioned  species,  the 

"  Challenger  "  collection  also  includes  the  following : — 

Act.  purpurea.  Act,  Wahlberghii, 

Act,  rotalarla.  Act,  stellaia  (Liitk,). 

The  comparative  distribntion  of  these  two  genera  is  very  strikihg. 
Relatively  speaking,  Actinometra  is  extremely  limited  in  its  range,  both 
geographical  and  bathy metrical.  It  is  almost  exclusively  a  tropical 
genus,  its  northern  limit  being  about  30°  N.  lat.  and  its  southern 
40°  S.  lat.  Isolated  species  are  known  from  the  Cape  of  Good  Hope, 
Natal,  South  Australia,  and  Port  Jackson,  but  its  chief  home  is 
Oceania,  especially  the  Philippines  and  Moluccas,  from  which  latter 
locality  the  "Challenger"  brought  home  11  species  of  ActiJinmetrct^ 
but  not  a  single  Antedon.  14  species  were  found  at  Zamboanga,  in 
the  Philippines,  but  no  Antedon ;  while  at  the  Zebu  Reefs,  in  another 
part  of  this  group,  two  Antedons  were  obtained,  but  no  Actinometra  ; 
and  at  Station  192,  11  Antedons,  but  no  Actinornetra,  just  the  reverse 
of  what  was  found  at  Banda,  in  the  Moluccas.  A.  few  Actinometra 
species  are  also  known  from  the  west  coasts  of  the  Atlantic,  as  South 
Carolina,  the  West  Indies,  Bahia,  and  St.  Paul's  Rocks. 

The  bathymetrical  range  of  Actinometra  is  likewise  very  narrow. 
Nearly  all  the  "Challenger"  species  are  from  depths  less  than  20 
fathoms,  while  only  three  come  from  a  greater  depth  than  100 
fathoms.  These  were  all  obtained  at  Station  174,  where  the  depths 
of  different  hauls  were  210,  255,  and  610  fathoms.  I  have  no  informa- 
tion as  to  which  of  these  hauls  yielded  the  three  species  in  question. 
The  individual  species  of  Actinometra^  like  the  genus  itself,  are  very 
local  in  their  distribution.  Act,  solaria  seems  to  have  a  fairly  wide 
range  in  the  Malay  Archipelago  and  in  Oceania,  though  oddly  enough 
it  does  not  occur  in  the  "  Challenger  "  collection.  Each  of  the  forty- 
eight  species  of  this  collection  has  its  own  locality.  In  no  case  have  I 
been  able  to  refer  specimens  from  different  localities  to  the  same 
species,  except  that  duplicates  of  the  same  species  were  found  at  two 
stations  in  Torres  Straits  (186,  187),  very  close  to  each  other. 

With  Antedony  however,  the  case  is  different.  Not  only  do  nearly 
all  the  deep-sea  OomaJtulm  belong  to  this  genus,  but  some  species  of  it 
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have  a  fairly  wide  range.  Ant,  rosacea  ranges  from  the  north  of 
Scotland  to  the  Mediterranean,  while  Ant,  Eschrichiii  is  found  over  a 
much  wider  area.  It  is  the  common  Arctic  species,  having  been 
obtained  by  onr  own  expedition  under  Nares,  as  far  north  as  lat.  81°  N., 
while  the  expeditions  of  Sweden,  Norway,  and  other  countries  have 
found  it  abundant  in  the  seas  of  Spitzbergen  and  Nova  Zembla.  It  is 
well  known  on  the  American  coast,  and  was  dredged  by  the  "  Chal- 
lenger "  off  Halifax,  while  the  "  Porcupine  "  met  with  it  in  the  "  cold 
area  "  of  the  North  Atlantic. 

The  "Challenger"  dredgings  round  Heard  Island  yielded  several 
specimens  which  agree  so  very  closely  with  Ant.  Eschrichtii  that  I  am 
very  strongly  inclined  to  believe  in  the  identity  of  the  southern  and 
northern  forms.  There  are,  however,  some  minor  points  of  difference 
between  them,  and  the  southern  form  may  really  turn  out  to  be  the 
representative  species  of  Ant.  Eschrichtii,  but  not  identical  with  it.  I 
cannot  venture  to  give  a  definite  opinion  upon  this  point  until  I  have 
had  an  opportunity  of  examining  a  greater  variety  of  specimens  than 
are  accessible  to  me  just  at  present. 

There  are  other  Antedon  species,  which  occur  in  duplicate  from 
different  localities.  Two  specimens  from  near  the  Kermadec  Islands 
(S.  170),  also  occur  in  the  neighbourhood  of  the  Fijis  (S.  174,  175). 
A  third  species  was  dredged  at  Stations  147  and  160,  two  localities 
in  the  Southern  Sea,  in  nearly  the  same  latitude,  but  separated  by 
almost  90°  of  longitude.  A  fourth  species  came  up  from  1,070  and 
775  fathoms,  off  the  Admiralty  Islands  and  Japan  respectively. 

The  above  facts  would  seem  to  show  that,  with  few  exceptions,  the 
geographical  range  of  the  individual  members  of  the  family  ConuX' 
tulidce,  is  exceedingly  limited,  nearly  every  species  having  its  own 
locality,  and  that  not  a  very  extensive  one. 

This  is  not  surprising  when  it  is  remembered  how  rarely  Co^natidcB 
have  been  found  at  great  depths.  The  stalked  Crinoids,  on  the  other 
hand,  are  especially  characteristic  of  the  abyssal  fauna,  Fentacrinusy 
Bathijcrhms,  and  BhizocrimM,  all  having  a  very  wide  distribution. 
This  is  tme,  also,  even  with  the  individual  species  of  the  latter  genus. 
This  accords  well  with  our  palsBontological  knowledge.  Chalk  Ooma^ 
tuhjc  are  exceedingly  rare.  Hagenow  found  one  in  Germany,  which 
he  named  Hertha  mystica.  From  the  figure  which  he  gives  of  its 
calyx,  I  should  judge  it  to  be  an  Antedon,  which  agrees  well  with  the 
facts  stated  above.  Lundgren*  has  found  a  calyx  in  the  chalk  of 
Sweden,  which  "  comes  very  near  to  Antedon  Fischeri,  Geinitz."  There* 
are  also  a  few  chalk  OomcUtdcB  in  the  Woodwardian  and  British 
Museums,  viz.,  Qlenotremites  &nd  similar  forms,  but  they  are  as  nothing 
compared  to  the  remains  of  PerUacrinus  and  Bourguetticrinv^,  and  even 

•  "  Neuee  Jahrbuch  fftr  Mineralogie."    Heft  ii,  1876,  pp.  180-182. 
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these  are  not  too  common.  A  few  specimens  are  known  from  the 
Gault,  Greensand,  and  Bath  Oolite,  while  the  Jnrassic  beds  of  the 
Continent  have  yielded  Solanocrintts  and  a  few  little  known  forms 
from  the  Solenhofen  slate  (Pterocoma,  Saccoconia), 

It  should  be  noted,  however,  at  the  same  time,  that  Tertiary  Conut- 
tulcB  are  also  very  rare.  Philippics  Alecto  alticeps^  from  the  Sicilian 
Tertiaries  being  the  only  one  which  I  can  call  to  mind.  This  is 
scarcely  surprising  when  it  is  remembered  that  the  distribution  of 
modem  ComatulcB  is  chiefly  in  the  tropics  and  temperate  zones,  there 
being  but  few  Arctic  or  sub-Arctic  species.  The  Australian  Tertiaries 
might  possibly  yield  different  results. 

The  voyage  of  the  "  Challenger  *'  has  settled  two  curious  questions 
in  connexion  with  the  Crinoids,  the  origin  of  which  is  due  to  Loven. 
They  refer  to  Hyponome  Sarsii,  a  so-called  recent  Cystid,  and  to 
Pha7iogenia,  a  supposed  new  genus  of  the  Comatulidce.  Hyponome 
turns  out  to  be  nothing  more  than  the  disk  of  a  Comatula,  minus  its 
skeleton.  The  anambulacral  plating  may  be  very  extensive,  forming 
a  complete  pavement  over  the  ventral  surface  of  the  disk  as  in  many 
Pentacrini ;  and  the  ambulacra  are  not  wide  and  open  as  is  usual  in 
most  GomatulcBy  but  almost  entirely  closed  by  the  approximation  of 
the  marginal  leaflets  at  their  sides,  so  that  the  food-grooves  radiating 
from  the  mouth  are  converted  into  tunnels.  In  Loven's  specimen  the 
mouth  was  central  but  almost  concealed,  and  several  similar  ones 
were  obtained  by  the  "  Challenger  *'  at  Cape  York,  together  with  one 
still  retained  in  its  calyx  and  similar  in  every  respect  to  an  ordinary 
Antedon.  This  last  shows  that  it  is  only  on  the  disk  that  the  ambulacra 
are  partially  closed,  for  they  are  quite  ppen  and  of  the  usual  character 
on  the  arms. 

Species  of  Actinometra  may  also  exhibit  this  condition  of  more  or 
less  completely  closed  ambulacra  on  the  disk.  One  of  the  most 
abundant  ConiatulcB  at  Cape  York  is  a  large  Actinometra,  the  disk  of 
which  corresponds  exactly  to  Loven's  description  of  Hyponome,  except 
in  the  eccentric  position  of  the  mouth.  Since  learning  the  true  nature 
of  Hyponoms  from  Sir  Wyville  Thomson,  I  have  looked  out  for  a 
similar  condition  in  other  Oomatulce,  and  have  found  that  it  is  not 
uncommon  though  rarely  so  marked  as  in  the  Cape  York  species. 

Two  species  of  Antedon,  dredged  by  the  "  Challenger "  at  Station 
214,  have  disks,  which,  if  separated  from  their  dorsal  skeleton,  would 
be  very  perfect  Hyponome,  In  each  species  the  whole  of  the  ventral 
perisome  is  covered  with  an  extensive  anambulacral  plating,  and  the 
marginal  leaflets  at  the  edges  of  the  grooves  of  both  disk  and  arms 
also  contain  distinct  plates.  In  most  Comatula^.  there  are  no  plates  in 
the  marginal  leaflets,  or  at  most,  a  few  calcareous  spicules,  irregularly 
disposed.  In  these  two  species,  however,  there  are  definite  plates 
which  are  comparatively  small  as  in  PentacrintM,  and  do  not  attain  to 
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anything  like  the  relative  size  of  the  reniform  plates  at  the  sides  of 
the  grooves  of  Rhizocrinus^  Hyocriniis,  and  Bathycrinus,  They  are  all 
folded  down  more  or  less  completely  over  the  grooves,  which  are  thus 
converted  into  tunnels ;  while  the  mouth  is  also  rendered  more  or  less 
invisible  by  the  folding  over  it  of  the  plated  leaflets  around  the  edges 
of  the  peristome.  The  closure  of  the  grooves  is  much  more  perfect 
in  some  specimens  than  in  others  and  may  extend  far  oat  on  to  the 
arms. 

The  plates  in  the  marginal  leaflets  are  probably  moveable  a«  the 
unplated  leaflets  are  in  Antedon  roaacea ;  so  that  they  can  be  erected 
when  the  arms  are  spread  out,  leaving  the  grooves  open  for  food 
particles  to  travel  towards  the  mouth.  On  the  other  hand,  when  the 
arms  are  all  contracted  over  the  disk,  the  marginal  plates  fold  over 
the  grooves  and  cover  them  in.  This  is  the  condition  of  most  spirit- 
specimens,  but  it  is  not  in  any  way  comparable  to  that  of  the 
PaloBozoic  Crinoids,  in  which  the  mouth  is  truly  subtegminal,  while 
the  ambulacra  become  real  tunnels  beneath  the  upper  surface  of  the 
vault. 

Sections  through  one  of  these  plated  JJ^ponome-disks  show  that  all 
the  various  structures  which  underlie  the  grooves  of  ordinary 
ComatulxB  are  present  and  exhibit  their  usual  characters. 

A  new  Comatula  has  been  described  by  Loven*  under  the  name 
Phanogenia,  which  presents  a  very  remarkable  condition  of  the  centro- 
dorsal  piece. 

Loven's  specific  diagnosis  of  FKanogenia  typica  commences  as  follows: 
— "  Cahjx  fere  planitSy  fade  doraali  totus  cum  brachiis  Icevis,  suturis  line- 
aribuSy  facie  ventrali  iMque  ad  finem  brachialis  secundi  sulcis  aratus^ 
quihus  adhaeret  perisama,  Articulus  centrodorsaliSf  verticillans^  per- 
sistensy  simplex,  formam,  servwiM  stellce  quinquangularis  minutoe,  dnvhvs 
rotund atis,  radiis  obtusisj  facie  doraali  leviter  convexa  IceviSy  cirria  prce^ 
ditus  perpaucia  (circ.  acta,  /),  in  ainubua  aparaia,  pusillia,  quintetn  partem 
diametri  stellce  longitvdine  vix  auperantibita,  craaaiuaculiay  veraua  baain 
valldltisculis,  teretibua,  leviter  arcuaMa,  lasvibua,  apice  mtUicia^  caducia 
foveolas  relinquentibua  mintttaa  medio  perforataa.**  The  figure  accom- 
panying the  above  description  shows  the  centrodorsal  in  the  form  of  a 
five-rayed  star,  which  does  not,  however,  spread  out  over  the  radials  so 
as  to  conceal  them  more  or  less  completely,  as  is  usual  in  most  Coma- 
tuJ(e,  except  that  the  points  of  the  star  just  overlie  the  inner  ends  of 
the  lines  of  synostosis  of  every  two  adjacent  radials.  The  dorsal 
surface  of  the  star  is  level  with  that  of  the  rest  of  the  calyx,  and  is 
marked  by  a  few  cirrhus  sockets,  in  two  or  three  of  which  there  are 
one  or  two  very  minute  cirrhus  stumps. 

This  is  a  very  remarkable  condition  of  the  centrodorsal.     In  nearly 

*  "Fhanogenia,  ett  hittills  ok&ndt  sl&gte  af  fria  Crinoideer."  *' Ofversigt  af 
Eongl.  Yeienskaps-Akademiens  Forluuidlingar.*'    1866.    No.  9. 
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all  the  other  GomattdcB  it  is  circular  or  pentagonal,  more  or  less  convex, 
and  marked  with  several  cirrhns  sockets,  either  only  at  the  margin  or 
all  over  its  surface,  while  the  cirrhi  are  rarely  so  imperfect  as  in 
Loven's  specimen. 

Among  the  Gomahtlm  in  the  British  Museum  is  a  specimen  labelled 
Actinomeira  stsllatay  Ltk.  It  had  been  purchased  from  the  collection  of 
the  Godeffroj  Museum,  having  been  previously  examined  and  named 
by  Dr.  Lutken. 

The  mouth  is  not  central  as  Loven  describes  it  in  Phanogenta,  but 
eccentric,  though  comparatively  only  but  slightly  so.  The  condition 
of  the  centrodorsal,  however,  is  essentially  similar  to  that  presented 
by  Phanogenta^  and  it  was  this  feature,  I  do  not  doubt,  that  caused 
Liitken  to  give  the  specific  name  steUata  to  this  type.  The  stellate 
condition  of  the  centrodorsal  in  Phanogenia  has  long  been  a  puzzle  to 
me,  and  I  am  therefore  gla4  to  be  able  to  say  that  the  material  brought 
home  by  the  "  Challenger  '*  throws  a  considerable  Hght  upon  it.  This 
condition  appears  to  be  one  of  the  conclading  stages  of  a  long  series  of 
changes  in  the  shape  and  relations  of  the  centrodorsal,  which  do  not 
commence  until  some  time  after  the  loss  of  the  stem,  and  the  entry 
upon  the  free  state  of  existence. 

The  "Challenger"  dredgings  in  Torres  Straits  brought  up  a  con- 
siderable number  of  specimens  of  a  hitherto  undescribed  Comattda. 
This  species  was  first  discovered  by  the  late  Professor  Jukes,  who 
brought  home  specimens  and  deposited  them  in  the  British  Museum. 

1  propose,  therefore,  to  name  it  Actinometra  JuJcesii.  The  "  Challenger  " 
collection  contains  nine  young  specimens  of  this  species,  most  of 
which  have  cirrhi  on  the  centrodorsal.  But  in  the  adult  the  centro- 
dorsal is  a  pentagonal  plate  four  millims.  in  diameter,  without  a  trace 
of  cirrhi  or  even  of  cirrhus  sockets.  Its  surface  is  level  with  that  of 
the  radial  pentagon  within  which  it  is  enclosed. 

Stage  1.  In  the  youngest  specimen  the  centrodorsal  is  a  nearly 
circular  plate  1*5  millims.  in  diameter,  just  sufficiently  raised  above 
the  surface  of  the  radial  pentagon  to  bear  about  eight  marginal 
cirrhi. 

Stage  2.  In  others  from  the  same  locality  which  have  a  centrodorsal 

2  millims.  in  diameter,  it  bears  no  cirrhi,  and  the  sockets  are  partly 
obliterated,  while  the  height  of  the  plate  above  the  rest  of  the  calyx 
is  somewhat  reduced.  Three  other  specimens,  however,  of  the  same 
size  which  were  obtained  at  Cape  York  on  another  day,  still  retain 
their  cirrhi. 

Stage  3.  By  the  time  that  the  diameter  of  the  centrodorsal  increases 
from  2  to  2' 5  millims.,  its  shape  becomes  more  distinctly  pentagonal  and 
scarcely  any  trace  of  cirrhus  sockets  is  visible,  the  plate  being  so  thin 
that  it  rises  very  little  indeed  above  the  level  of  the  radials.  In  one 
specimen  of  this  size  there  is  one  rudimentary  cirrhus  stump  and  two 
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or  three  faint  indications  of  soclcets,  yery  mnch  as  in  the  stellate 
centrodorsal  of  Phanogenia. 

Stage  4.  The  adnit  condition  succeeds  to  this.  The  centrodorsal  is  a 
simple  pentagonal  plate  8*5—4  millims.  in  diameter,  and  situated 
entirely  within,  and  on  the  same  leyel  as,  the  radial  pentagon. 

This  series  of  changes  in  the  centrodorsal  does  not  proceed  any 
farther  in  Act.  JuJeesii,  but  in  other  species  it  may  continue  still  farther, 
or  on  the  other  hand  close  sooner.  Thus  the  centrodorsal  of  a 
gigantic  Actinometra  in  Professor  Semper's  Philippine  collection  is  in 
stage  2  ;  while  those  of  two  other  "  Challenger "  species,  from  the 
same  locality  and  equally  large,  exhibit  the  next  stage  of  meta- 
morphosis (5). 

Stage  5.  In  No.  37  (of  my  list)  the  centrodorsal  is  a  pentagonal 
disk  without  a  trace  of  cirrhus  sockets.  It  is  slightly  helow  the  leyel 
of  the  radials,  and  is  only  in  contact  with  them  by  its  inter-radial 
angles,  its  sides  being  separated  from  their  inner  margins  by  linear 
clefts. 

No.  49  is  in  the  same  condition,  and  so  are  two  others  of  Semper's 
Philippine  species,  except  that  one  or  two  minute  cirrhus  stumps  still 
remain  on  the  centrodorsal.  Another  large  "  Challenger"  species, 
also  from  the  Philippines,  is  represented  by  four  specimens.  All  of 
these  show  the  gradual  obliteration  of  the  cirrhus  sockets  and  the 
lowering  of  the  centrodorsal  to  the  level  of  the  radial  pentagon,  or 
even  below  it,  together  with  the  presence  of  clefts  at  its  sides.  These 
may  occasionally  appear  before  the  loss  of  the  small  cirrhus  stumps, 
as  is  the  case  in  Phanogenia, 

Stage  6.  In  No.  6,  another  large  Philippine  species,  the  clefts  are 
somewhat  wider  but  very  shallow.  They  are  deeper  in  No.  30,  but 
there  is  no  trace  of  cirrhi  on  the  stellate  centrodorsal.  Except  in  this 
point  (a  very  variable  one,  as  seen  above)  this  seems  to  be  about  the 
condition  of  Phanogenia, 

Stage  7.  The  last  stage  is  reached  in  another  of  Semper's  speci- 
mens which  was  purchased  from  the  Godeffroy  Museum,  and  appears 
to  me  to  agree  very  closely  with  Liitken's  Act,  stellata.  The  centro- 
dorsal is  star-shaped,  having  a  flat  centre  and  five  rays,  the  length  of 
which  is  about  one-third  the  diameter  of  the  centre.  The  points  of 
the  rays  abut  on  the  radial  pentagon  at  the  synostoses  of  every  two 
contiguous  radials  and  are  therefore  inter-radial.  The  re-entering 
angles  of  the  star  are  occupied  by  five  clefts,  each  of  which  is  some- 
what planoconvex  in  shape.  It  is  bounded  centrally  by  the  centro- 
dorsal plate,  laterally  by  two  of  its  rays,  and  peripherally  by  the  inner 
margin  of  a  radial.  These  openings  are  large  enough  to  admit  the 
point  of  a  good  sized  needle  for  a  short  distance. 

The  causes  which  lead  to  such  remarkable  changes  in  the  appearance 
and  relations  of  the  centrodorsal  piece,  are  I  think,  partly  to  be  found 
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in  an  alteration  of  the  relations  of  the  different  surfaces  of  the  radiah 
to  one  another  which  takes  place  during  their  g^wth.  This  is  tlie 
conclusion  to  which  I  have  been  led  by  an  examination  of  the 
separated  radials  of  young  and  adult  examples  of  Act.  Jukesii  ;  but  it 
entirely  fails  to  account  for  the  stellate  form  of  the  centrodorsal  in 
Act.  stellata  and  in  Phanogenia.  This  feature  appears  to  me  to  be  a 
further  development  of  a  condition  which  I  have  already  described  in 
Act.  pectinata  ;*  but  I  do  not  expect  to  get  abetter  understanding  of  it 
until  I  am  able  to  separate  the  parts  of  the  calyx,  and  also  to  make 
sections  through  it.  Both  of  these  modes  of  research  are  at  present 
unavailable,  owing  to  want  of  material. 

The  appearances  presented  by  the  dorsal  surface  of  an  isolated  first 
radial  are  very  different  among  the  different  species  of  Comattda.  In 
many  Arvtedons  such  as  Ant.  Eschrichtii,  the  whole  of  this  surface  rests 
upon  the  centrodorsal,  and  except  for  the  edge  separating  it  from  the 
distal  articular  surface  there  is  no  external  indication  of  the  presence 
of  a  first  radial  at  all,  as  the  second  seems  to  be  in  direct  contact  with 
the  centrodorsal.  The  superior  or  ventral  surface  of  the  latter  slopes 
downwards  from  its  circumference  towards  the  centre. 

In  such  species  as  Ant.  macrocnema^  however,  and  in  most  AcH^ 
nometrcB  a  dorsal  view  of  a  first  radial  shows  two  surfaces  inclined  to 
one  another  more  or  less  obtusely.  One  of  these  appears  externally 
and  is  the  true  or  outer  dorsal  surface  of  the  radial.  It  is  often 
marked  by  a  median  dark  line  which  extends  outwards  over  the  other 
radials  far  on  to  the  arms.  The  other,  or  inner  dorsal  surface,  is  the 
surface  of  synostosis  with  the  centrodorsal  plate,  and  may  be  at  right 
angles  to  the  outer  surface  when  the  ventral  face  of  the  centrodorsal 
is  perfectly  fiat  as  in  Ant.  macrocnema.  But  in  Actwometra  it  is 
always  placed  at  an  obtuse  angle  to  the  outer  surface,  for  the  ventral 
face  of  the  centrodorsal  on  which  it  rests  slopes  downwards  and  out- 
wards from  the  centre  to  the  circumference.  I  have  examined  the 
separated  radials  of  two  specimens  of  Act.  Jukesii^  one  young  with  a 
centrodorsal  still  marked  by  cirrhus  sockets,  and  the  other  full  grown 
with  a  large  discoidal  centrodorsal  within  the  radial  pentagon,  and 
below  the  level  of  its  outer  surface  when  viewed  from  its  dorsal  aspect. 
There  is  a  considerable  difference  in  the  relative  sizes  of  the  inner  and 
outer  portions  of  the  dorsal  surface  of  the  radials  in  these  two  cases. 
The  absolute  length  of  the  outer  dorsal  sui*face  seems  to  increase  very 
little  after  a  certain  stage  of  growth  is  reached,  for  it  is  nearly  the 
same  in  the  large  specimen  as  in  the  small  one,  but  the  inner  or 
synosteal  surfaces  of  the  two  differ  very  greatly  in  size.  This  surface 
is  not  only  absolutely,  but  also  relatively  larger  in  the  older  specimen, 

•  See  cap.  tI,  sect.  61,  of  my  memoir  on  AcHtuymetra,  now  in  course  of  publica- 
tion in  the  *  TrsuiactionB  of  the  Linnean  Society." 
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taking  up  more  tlian  half  the  whole  dorsal  face  of  the  radial,  while  in 
the  younger  specimen  it  occupies  much  less  than  half. 

The  effect  of  this  change  in  the  component  parts  of  the  radial 
pentagon  is  to  give  its  central  synosteal  surface  a  considerable  slope 
inwards  and  downwards,  so  that  the  whole,  when  viewed  from  above, 
has  the  form  of  a  wide  and  shallow  funnel.  The  rim  of  the  funnel 
(outer  dorsal  surfaces  of  the  radials)  is  thick  in  the  young  specimen, 
but  does  not  increase  with  the  growth  of  the  interior  (inner  dorsal 
surfaces).  Consequently,  the  centrodorsal  which  forms,  as  it  were,  a 
plug  fitting  into  the  funnel,  slips  farther  and  farther  down  into  it,  until 
its  dorsal  surface  becomes  level  with  that  of  the  radial  pentagon,  or 
even  comes  to  bo  actually  below  it.  At  the  same  time  it  loses  its  few 
marginal  cirrhi,  and  their  sockets  become  obliterated,  so  that  the 
^vhole  dorsal  surface  of  the  calyx  is  one  uniform  plane.  Act.  Jukesii 
remains  permanently  in  this  condition ;  but  there  are  other  species,  as 
we  have  seen,  and  notably  Act.  stellcUa,  in  which  the  centrodorsal  loses 
its  pentagonal  shape,  owing  to  the  appearance  of  more  or  less  deep 
clefts  between  its  outer  edge  and  the  inner  edges  of  the  radials. 

In  Act.  pectinata  the  ventral  face  of  the  centrodorsal  is  divided  by 
ridges  into  five  radial  areas,  corresponding  with  the  five  synosteal 
surfaces  of  the  first  radials  that  rest  upon  it.  These  radial  areas  are 
occupied  by  median  depressions,  which  increase  somewhat  in  depth 
fn>m  their  peripheral  to  their  central  ends.  But  the  synosteal  sur- 
faces of  the  radials  do  not  exhibit  corresponding  ridges,  for  they  are 
marked  by  similar  median  depressions,  which  are  also  deepest  at  their 
central  ends.  When,  therefore,  the  synosteal  surface  of  the  radial 
pentagon  and  the  ventral  surface  of  the  centrodorsal  are  in  their 
normal  state  of  apposition,  they  are  separated  from  one  another  along 
the  median  lines  of  the  five  radials  by  five  cavities  or  "  radial  spaces." 
Those  are  largest  at  their  blind  central  ends,  and  extend  in  a  peri- 
pheral direction  to  open  externally  by  five  minute  openings,  situated 
round  the  margin  of  the  small  centrodorsal  piece,  beneath  the  radial 
pentagon  which  rests  upon  it,  and  extends  considerably  beyond  it.  It 
seems  to  me  that  we  have  here  an  explanation  of  the  large  openings 
between  the  radials  and  centrodorsal  of  Act.  stdlata  and  Fha/no^ 
genia,  &c.  In  Act.  pectinata  these  radial  spaces  end  blindly  around 
the  central  cavity  of  the  radial  pentagon,  being  shut  off  from  it  by  the 
thickened  inner  margpln  of  its  synosteal  surface.  Whether  they  are 
also  blind  in  Act.  stellata,  in  which  they  are  so  very  large,  or  whether 
they  are  in  communication  with  the  radial  diverticula  of  the  coelom, 
which  are  inclosed  within  the  spouts  of  the  rosette,  is  a  point  which 
can  only  be  settled  by  making  a  series  of  sections  through  the  decal- 
cified calyx. 

I  have  elsewhere  (Actinometra,  cap.  iv,  §  61)  drawn  attention 
to  the  homology  of  these  openings  between  the  radial  penti^n  and 
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centrodorsal  of  Act.  pectinata  with  the  openings  on  the  outside  of  the 
calyx  of  Apiocriwus  roiwidun  and  Ap,  obconicuSj  which  are  situated 
between  every  pair  of  continuous  basals,  and  the  radials  which  rest 
upon  them.  Other  homologpies  are  the  radially  situated  "inter- 
articular  pores  "  in  the  upper  part  of  the  stem  of  Fentacrintia, 

It  is  worth  notice,  that  all  the  species  in  which  the  centrodorsal 
exhibits  these  variations  of  form  are  true  Actinametrce^  i.e.,  they  have 
an  eccentric  mouth  and  a  terminal  comb  on  the  oral  pinnules.  In 
Loven's  Flianogenia,  however,  the  mouth  is  central,  and  there  is  a 
terminal  comb  to  the  oral  pinnules.  It  is  thus  a  very  singular  excep- 
tion, for  I  know  of  no  Antedon  in  which  the  oral  pinnules  have  this 
terminal  comb,  nor  one  in  which  the  centrodorsal  has  anything  like 
the  form  which  it  has  in  Phanogenia. 

In  fact,  I  am  able  to  say  that  the  examination  of  the  "  Challenger  " 
ComatulcB  has  entirely  confirmed  the  opinions  held  by  Dr.  Liitken  and 
myself  (Actinometra,  cap.  ii,  §§  14,  15)  respecting  the  distinguishing 
characters  of  AiUedon  and  Actinometra,  We  both  agree  in  referrinf^ 
forms  with  a  (sub)  central  mouth,  five  equal  ambulacra,  and  no  terminal 
comb  on  the  oral  pinnules,  to  Antedon.  On  the  other  hand,  species 
with  an  eccentric  mouth,  a  variable  number  of  unequal  ambulacra, 
and  a  terminal  comb  to  the  oral  pinnules,  belong  to  Actinometra, 
There  arc  only  two  specimens  in  the  **  Challenger  "  collection  which 
liave  an  eccentric  mouth  but  no  terminal  comb.  Pourtales*  Comatvla 
fneridionalis  appears  to  be  another,  but  these  are  only  three  exceptions 
out  of  some  sixty  species. 

It  will  be  seen  at  once  that  these  characters  are  of  no  use  in  dis- 
tinguishing the  genera  of  fossil  Comatnlce.  But,  as  has  been  hinted 
above,  there  are  very  considerable  differences  in  the  shape  of  the 
radials  and  centrodorsal  piece  in  Antedon  and  Actinmnetra  respectively, 
and  as  these  are  exactly  the  parts  which  are  most  met  with  as  fossils, 
the  generic  determination  of  a  fossil  form  is  almost  as  easy  as  that  of 
a  recent  one,  which  has  given  up  its  disk  to  produce  a  Hijponome.  As 
I  have  described  these  differences  very  fully  in  my  Actinometra  memoir 
(cap.  iv,  §  41,  51,  54-56),  it  is  not  necessary  to  do  more  than  refer 
to  them  here,  with  the  remark  that  a  more  extended  knowledge  of  the 
species  of  both  genera  has  only  strengthened  the  opinions  which  I  have 
there  expressed. 

The  same  is  the  case  with  regard  to  the  so-called  "  ventral  nerve  " 
of  Comatuln,  viz.,  the  fibrillar  band  underlying  the  epithelium  of  the 
ambulacral  grooves.  I  have  already  shown  (Actinometra,  cap.  iii, 
§  23-26)  that^  in  Act.  polymorpha  and  Act.  solarif,  half,  or  even  more 
than  half,  of  the  arms  may  have  neither  groove,  epithelium,  **  nerve," 
nor  tentacles,  and  I  have  insisted,  as  strongly  as  possible,  on  the  im- 
portant bearing  of  this  fact  on  the  Ludwig-Gegenbaur  view  that  these 
rabepitheUal  bands   constitute  the  nervous  system  of  the  Crinoids. 
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Neither  of  these  two  authors  has  referred  to  my  statements  at  all,  bnt 
both  have  entirely  ignored  them.  I  am  now  able  to  repeat  them,  and 
to  give  them  much  greater  force.  No  less  than  twenty-three  out  of 
the  forty-eight  species  of  "  Challenger  "  ActinometrcB,  and  three  species 
in  Semper*s  collection,  have  more  or  fewer  grooveless  arms.  I  have 
cut  sections  of  these  arms  in  two  species,  and  have  obtained  the 
same  results  as  with  Act.  polymorpha  and  Act.  Solaris.  The  **  ventral 
nerve  "  and  ambulacral  epithelium  are  conspicuous  by  their  absence, 
while  the  axial  cords  in  the  skeleton,  which  I  also  regard  as  true 
nerves,  give  off  branches  freely  in  the  centre  of  each  arm-joint,  as* 
I  have  already  described  for  other  species  both  of  Actinometra  and  of 
Antedon.  Two  points  are  noteworthy.  In  one  species,  one  of  the 
posterior  ambulacral  grooves  stops  quite  abruptly  on  the  disk,  some 
little  way  from  the  arm  bases,  and  the  two  arms  to  which  it  would 
naturally  have  gone  with  its  **  nerve,"  tentacles,  Ac.,  receive  no 
branches  from  any  of  the  adjacent  grooves  to  supply  the  deficiency. 

Lastly,  in  the  gigantic  Philippine  species  already  referred  to  as 
No.  37,  there  are  more  than  one  hundred  arms,  many  of  which  are 
gTopvoless  and  "  nerveless,"  as  I  have  found  by  section-cutting.  But 
these  abnormal  arms  are  not  limited  to  the  posterior  part  of  the 
body,  as  is  usually  the  case,  for  there  are  several  on  each  radius. 

Evidence  of  this  negative  character  appears  to  me  to  bo  a  serious 
objection  to  the  German  view  that  the  subepithelial  bands  constitute 
the  only  nervous  apparatus  of  the  Crinoids.  Ludwig*  attacks  Lange*s 
opinions  as  to  the  Asterid-nerves,  on  the  ground  that  the  structures 
supposed  by  Lange  to  be  nerves  are  not  constant,  but  are  absent  from 
the  arms  of  certain  species.  It  is  curious,  however,  that  Ludwig  is 
unable  to  apply  this  reasoning  to  his  own  views  respecting  the  nerves 
of  the  Crinoids ! 


III.  "  On  the  Characters  of  the  Pelvis  in  the  Mammalia,  and  the 
Conclusions  respecting  the  Origin  of  Mammals  which  may 
be  based  on  them."  By  Professor  Huxley,  Sec.  R.S.,  Pro- 
fessor of  Natural  History  in  the  Royal  School  of  Mines. 
Received  February  24,  1879. 

[Plate  8.] 

In  the  course  of  the  following  observations  upon  the  typical 
characters  and  the  modifications  of  the  pelvis  in  the  Mammalia,  it 
will  be  convenient  to  refer  to  certain  straight  lines,  which  may  be 
drawn  through  anatomically  definable  regions  of  the  pelvis,  as  axes. 

*  "  Bcitrlige  zur  Anatomie  der  Asteriden."  "  Zeitschr.  f&r  WIbb.  ZooL,"  Band 
XXX,  p.  191. 
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Of  these  I  shall  term  a  longitudinal  line  traversing  the  centre  of  the 
sacral  vertebrae,  the  sacral  axis  (Plate  8,  8.  a.) ;  a  second,  drawn  along  the 
ilium,  dorso-ventrallj,  through  the  middle  of  the  sacral  articulation  and 
the  centre  of  the  acetabulum,  will  be  termed  the  iliac  axis  (II ,  a.)  ;  a 
third,  passing  through  the  junctions  of  the  pubis  and  ischium  above  and 
below  the  obturator  foramen,  will  be  the  obturator  axis  (Oh.  a.)  ;  while  a 
fourth,  traversing  the  union  of  the  ilium,  in  front  with  the  pubis,  and 
behind  with  the  ischium,  will  be  the  iliopectineal  axis  (Tp.  a.). 

The  least  modified  form  of  mammalian  pelvis  is  to  be  seen,  as  might 
be  expected,  in  the  Monotremes,  but  there  is  a  great  difference  between 
Omithorhynchus  and  Echidna  in  this  respect,  the  former  being  much 
less  characteristically  mammalian  than  the  latter. 

In  Omithorhyfichits  (Plate  8,  fig.  4),  the  ilium  is  remarkably  narrow, 
and  the  angle  between  the  iliac  and  the  sacral  axis  is  large,  so  that  the 
ilium  is  but  very  slightly  inclined  backwards.  The  iliopectineal  axis, 
nearly  at  right  angles  with  the  iliac  axis,  is  inclined  to  the  sacral  axis 
at  an  acute  angle ;  while  the  obturator  axis  is  nearly  perpendicular  to  the 
sacral  axis,  and  the  obturator  foramen  is  relatively  small.  The  front 
margin  of  the  cotyloid  end  of  the  pelvis  sends  ofp  a  very  strong  pec- 
iineal process  (p^P')^  from  the  inferior  basal  part  of  which  a  short,  obtuse 
tuherculum  pubis  (t,  p.)  projects.  Between  this  and  the  symphysis,  the 
base  of  the  marsupial  bone  (Ep.p.)  is  attached.  The  ventral  rami  of  the 
pubes  are  short  and,  like  those  of  the  ischium,  they  are  united  through- 
out their  whole  length  in  a  long  symphysis,  the  ischial  division  of 
which  (Sy.  J.)  is  as  long  as,  if  not  longer  than,  the  pubic  division 
(Sy.p.).  The  cotyloid  ramus  of  each  ischium  gives  off  a  stout  elongated 
metischial  process  (m.  p,)  backwards. 

In  Echidna  (Plate  8,  fig.  6),  on  the  other  hand,  the  ilium  is  much 
broader ;  while  the  iliac  axis  inclines  downwards  and  backwards,  at  an 
acute  angle  with  the  sacral  axis.  The  iliopectineal  axis  being  still  at 
right  angles  with  the  iliac  axis,  makes  a  much  larger  angle  with  the 
sacral  axis ;  and  the  obturator  axis  is  inclined  from  above,  at  an  angle 
of  nearly  45°  to  the  sacral  axis,  downwards  and  backwards.  In  fact,  the 
change  in  the  general  character  of  the  pelvis  seems  to  result  from  its 
ventral  elements  having  been  carried  backwards  and  upwards  by  the 
backward  and  upward  shifting  of  that  portion  of  the  ilium  which  lies 
below  the  level  of  its  articulation  with  the  sacrum.  There  are  other 
changes  by  which  the  aspect  of  the  pelvis  is  much  altered.  The  inner 
wall  of  the  acetabulum  is  incompletely  ossified,  but,  in  other  respects, 
the  pelvis  makes  a  considerable  approximation  towards  the  ordinary 
mammalian  form.  Thus  the  pectineal  process  is  represented  by  a  less 
prominent  and  more  elongated  ridge ;  the  metischial  process  widens 
out  into  a  mere  triangular  expansion  or  "  tuberosity,"  of  the  ischium, 
and  the  symphysial  union  of  the  ischia  is  short. 

In  all  other  Mammalia  (e.g.,  Lepusj  Plate  8,  fig.  6)  the  iliac  axis  forms 
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as  acute,  if  not  a  more  acute,  angle  with  the  sacral  axis  ;  the  angle  be- 
tween the  ilio  pectineal  axis  and  the  sacral  axis  more  and  more  approaches 
a  right  angle ;  and  that  between  the  sacral  axis  and  the  obturator  axis 
becomes  more  and  more  acute.  The  obturator  foramen  acquires  a  much 
larger  proportional  size.  The  sjmphysial  union  becomes  restricted  to  a 
greater  or  less  portion  of  the  pubes ;  or  the  ventral  halves  of  the 
OBsa  innominata  may  cease  to  be  directly  united,  even  the  pubes  being 
far  apart  in  the  dry  skeleton.  The  metischial  processes  are  represented 
by  tuberosities,  which  may  extend  upwards  and  unite  with  anterior 
caudal  vertebne ;  and  the  ilia  may  remain  narrow  or  become 
extremely  expanded.  In  all  monodelphous  Mammalia  the  marsupial 
bones  disappear. 

The  distinctive  features  of  the  mammalian  pelvis  have  been  clearly 
indicated  by  Gegenbaur,*  who  points  out  that  in  mammals,  in  contra- 
distinction  from  reptiles,  '^  the  longitudinal  axis  of  the  ilium 
gradually  acquires  an  oblique  direction,  from  in  front  and  above, 
backwards  and  downwards.  The  part  which  represents  the  crista 
above  thus  becomes  turned  forwards,  or  more  or  less  outwards,  with 
increase  of  lateral  surface ;  the  acetabular  part  backwards  and  down- 
wards ;  hence  the  ischium  retains  its  original  direction  in  the 
produced  long  axis  of  the  ilium  and,  at  the  same  time,  takes  up  a 
position  in  relation  io  the  vertebral  column  similar  to  that  which 
obtains  in  birds.  The  conditions  of  this  position  are,  however,  to  be 
sought  in  factors  of  a  totally  different  nature  in  mammals  from 
those  which  produce  it  in  birds;  for,  in  the  former,  the  ischium 
follows  the  changed  direction  of  the  ilium,  whilst  in  birds,  the  ilium 
has  nothing  to  do  with  the  matter,  and  the  ventral  elements  of  the 
peh-is  appear  to  pass  towards  the  caudal  region,  independently  of  the 
ilium." 

On  one  point,  however,  I  cannot  agree  with  Gegenbaur*s  con- 
clusions. He  is  of  opinion  that  the  ilium  of  mammals  answers  to 
the  post-acetabular  part  of  the  ihum  of  birds,  and  that  "the  crista 
ussls  illi  of  mammals  corresponds  with  the  posterior  edge  of  the  post- 
acetabular  part  of  the  bird's  ilium.  Between  the  two  parts,  there- 
fore, there  is  the  difference  of  a  rotation  through  an  angle  of  almost 
180°.'*  On  the  contrary,  it  appears  to  me  evident  that  the  whole 
crista  ilxi  in  a  mammal  corresponds  with  the  whole  dorsal  edge  of  the 
ilium  in  a  bird  or  a  reptile,  and  that  the  angle  through  which  the 
iliac  axis  rotates  amounts  to  not  more  than  90°  (compare  Plate  8, 
fig.  6,  Lepusj  with  fig.  9,  Apteryx).  I  cannot  reconcile  the  contrary 
view  either  with  the  relations  of  the  ilium  to  the  sacrum,  or  with  the 
attachment  of  the  muscles. 

On  comparing  the  pelvis  of  Omithorhynchus  with  that  of  a  lizard 

*  **  JBeitr&ge  zur  Eenntni«f  des  Beckens  der  YOgel,*' ''  Jenaische  Zeitachrift,"  ri. 
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(Plate  8,  fig.  2),  or  that  of  a  Chelonian,  it  will  be  observed  that  the 
resemblance  between  the  former  and  the  Sanropsidan  pelvis  is,  in  most 
respects,  closer  than  that  which  it  bears  to  the  higher  Mammalian  pelvis. 
In  the  reptiles  both  the  pubes  and  the  ischia  nnite  in  a  ventral 
symphysis ;  the  pnbis  has  a  strong  pectineal  process,  which  acquires 
very  large  dimensions  in  the  Chelonia ;  the  metischial  processes  are 
also  often  very  strong.  Nevertheless,  there  is  an  important  difference, 
for,  in  all  these  animals,  the  iliac  axis  is  either  nearly  perpendicular 
to  the  sacral  axis,  or  slopes  from  above  downwards  and  forwards ; 
the  obturator  axis  also  inclines  downwards  and  forwards.  Hence,  in 
most  Lacertilla  and  Chelonia^  the  pubes  slope  forwards  very  obliquely, 
while  the  ischia  come  more  and  more  forwards.  In  other  words,  such 
modifications  of  the  pelvis  as  occur  in  the  Lacertilia  and  the  Chelonia 
are  of  an  opposite  kind  to  those  which  take  place  in  Mammalia. 

The  same  thing  is  true  of  the  Grocodilia  (Plate  8,  fig.  3).  Here  the 
ilium  is  much  broader  than  in  the  lizards  and  the  Chelonia.  This  broad- 
ening is  effected  by  the  expansion  of  the  ilium,  both  in  front  of  and  behind 
the  iliac  axis,  which  retains  about  the  same  inclination  to  the  sacral  axis 
that  it  has  in  lizards.  The  ischia  have  but  small  metischial  processes,  and 
their  long  axes  lie  further  forwards  than  in  most  lizards.  The  obturator 
axis  inclines  forwards,  and  the  iliopectineal  axis  is  parallel  with  the 
sacral  axis,  as  in  lizards.  As  in  Echidna,  a  space  of  the  inner  wall  of  the 
acetabulum  is  fibrous.  The  lower  boundary  of  this  space  is  constituted 
by  a  prolongation  of  the  anterior  end  of  the  cotyloid  extremity  of  the 
ischium.  The  interval  between  this  and  the  anterior  end  of  the  ilium 
answers  to  the  cotyloid  end  of  the  pubis  in  a  lizard,  but  it  does  not 
ossify.  The  pubis  corresponds  exactly  in  direction  with  that  of  a  lizard, 
but  its  form  is  very  different.  At  first  narrow  and  rounded,  it  gradually 
flattens  from  above  downwards  and,  at  the  same  time,  widens  into  a 
broad  trowel-shaped  plate  of  cartilage  enclosed  in  a  dense  fibrous  peri- 
chondrium, which  lies  close  beside  the  middle  line  in  the  ventral  wall  of 
the  abdomen  (Plate  8,  fig.  12).  Each  of  these  flat  cartilages  is  distinct 
from  its  fellow  throughout  the  greater  part  of  its  extent;  but,  posteriorly, 
the  two  approach,  and  are  united  by  a  broad  and  strong  ligamentous 
band  {Sy.  p,  L).  The  bony  portion  of  the  pubis  commences  just  outside 
the  acetabulum  and  extends  to  this  band,  terminating  by  a  curved  edge 
directed  inwards  and  forwards.  It  is  the  osseous  portions  of  the  pubes 
which  are  commonly  described  as  the  entire  pubes  of  the  Grocodilia, 
and  much  speculative  ingenuity  has  been  expended  upon  the  interpre- 
tation* of  these  apparently  anomalous  elements  of  the  pelvis,  which 

*  For  the  latest  of  these  interpretations  see  HoflTman's  excellent  memoir, 
"Beitragezur  Kenntniss  des  Beckens  der  Amphibien  und  Beptilien."  "  Nied. 
ArchiT  fiir  Zoologie/'  1876.  I  cannot  but  think  that  had  Professor  Hoffman  studicMl 
the  crocodile's  pelvis  in  fresh  or  spirit  specimens,  be  would  not  have  put  foi*ward 
the  hypothesis  that  the  pubes  of  the  crocodiles  are  "  epipubes.*'  Bathke's  aooount  of 
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are  readily  moveable  upon  their  fibro-cartilaginoos  connexions  with  the 
acetabulam.  But  in  no  essential  respect  do  they  differ  from  ordinary 
pubes.  Throughout  their  whole  length  they  give  attachment  to  a 
muscle,  which  auswers  to  the  pectineus  and  short  adductors  of  the 
thigh,  while  the  aponeurosis  which  lies  between  them  and  the  ischia 
gives  origin  as  usual  to  the  obturator  extemus ;  and  the  obturator 
nerves  pass  out  close  to  the  cotyloid  ends  of  the  pubes  (Plate  8,  fig.  12, 
Ob.  n.).  For  the  trowel-shaped  forward  continuations  of  the  pubes  on 
each  side  of  the  symphysis,  I  will  adopt  the  name  of  epipuhes,  proposed 
by  Hoffman  for  other  structures  which  J  believe  to  be  homologous 
with  them.  They  are  firmly  connected  with  the  aponeurosis  of  the 
external  oblique  muscle,  in  which,  just  in  front  of  their  outer  edges,  lie, 
on  each  side,  the  first  set  of  abdominal  false  ribs  (Plate  8,  fig.  12,  r). 
In  short,  in  all  their  most  important  relations,  these  appear  to  me  to 
be  structures  homologous  with  the  marsupial  bones  of  the  Monotremes 
and  Marsupials,  which  in  Thylacinus  are  represented  by  mere  cartilages. 
But  although  homologous,  they  are  very  different  in  detail ;  and,  in  all 
other  respects,  the  Crocodilian  pelvis  departs  even  further  than  that 
of  the  Chelonia  and  Lacertilia  from  the  Mammalian  type. 

The  Pterosauria  seem  to  have  possessed  epipubes ;  and  in  the  Dicy- 
nodontla  there  is  an  approximation  to  the  backward  elongation  of  the 
subsacral  part  of  the  ilium  which  is  characteristic  of  Mammals ;  but, 
ill  both  these  groups  there  appears  to  have  been  no  obturator  fonta- 
nelle. 

In  the  omithoscelidan  reptiles  and  in  birds  (Plate  8,  figs.  7,  8, 
and  9),  the  pelvis,  starting  from  the  lacertilian  and  crocodilian  type, 
undergoes  a  series  of  modifications  of  a  new  character,  the  ultimate 
result  of  which  is  a  pelvis  as  much  specialized  as  that  of  the  higher 
Mammals,  but  totally  different  from  it  in  principle. 

The  broadening  of  the  ilium  seen  in  the  crocodile  increases,  so  that 
the  antero-posterior  length  of  the  bone  eventually  becomes  very  great, 
chieily  in  consequence  of  the  elongation  of  the  preeaxial  region  of  the 
ilium.  But,  with  all  this,  the  direction  of  the  iliac  axis  does  not  sensibly 
change,  and  it  remains  more  or  less  inclined  downwards  and  forwards 
(Plate  8,  fig.  9).  The  inner  wall  of  the  acetabulum  is  largely  membra- 
nous. The  iliopectineal  axis  becomes  slightly  inclined  to  the  sacral  axis, 
but  never  so  much  even  as  in  Echidna,  The  main  change  in  the  pelvis 
is,  in  fact,  effected  by  the  extraordinary  elongation  of  the  pubes  and  the 
ischia,  and  their  rotation  backwards  and  upwards ;  while,  at  the  same 
time,  the  symphysial  union  of  the  bones  of  opposite  sides  altogether 
disappears.  In  Rhea,  the  ischia  unite  with  some  of  the  post-sacral 
vertebrae  as  they  do  in  many  Mammalia.  The  pubis  becomes  very 
slender  and,  as  it  lies  parallel  with  the  ischium,  the  obturator  space  is 

the  development  of  the  crocodile's  pelriB  affordfl  concluuTe  eridence  respecting  the 
homologies  of  the  pubes  in  these  luiimals. 
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redaced  to  a  mere  slit,  often  bridged  over  by  a  process  of  the  ischium.* 
The  pectineal  process  is  immenselj  elongated  in  some  Omithosoelida 
(as  Hulke  has  shown  in  Iguanodon^  and  Marsh  in  Laosaurus  (Plate  8, 
fig.  8));  but,  in  birds,  it  is  usually  short  (fig.  9),  and  may  be  abeenti 
and  no  epipubes  have  been  discovered,  either  in  the  Omithosoelida 
OP  in  birds.f 

Thus,  it  appears  to  be  useless  to  attempt  to  seek  among  any  known 
Sauropsida  for  the  kind  of  pelvis  which  analogy  leads  us  to  expect 
among  those  vertebrated  animals  which  immediately  preceded  the  lowest 
known  Mammalia.  For,  if  we  prolong  the  series  of  observed  modifica- 
tions of  the  pelvis  in  this  groap  backwards,  the  "  Promammalia  *' 
antecedent  to  the  Monotremes  may  be  expected  to  have  the  iliac  and 
obturator  axes  perpendicular  to  the  sacral  axis,  and  the  iliopectineal 
axis  parallel  with  it;  something,  in  short,  between  the  pelvis  of 
an  Omithorhynchus  and  that  of  a  land  tortoise ;  and  provided,  like  the 
former,  with  large  epipubes  intermediate  in  character  between  those  of 
the  lower  mammals  and  those  of  crocodiles.  In  fact,  we  are  led  to 
the  construction  of  a  common  type  of  pelvis,  whence  all  the  modifica- 
tions known  to  occur  in  the  Sauropsida  and  in  the  Mammalia  may 
have  diverged. 

It  is  a  well-known  peculiarity  of  the  urodele  Amphibia,  that  each  os 
innominatum  consists  of  a  continuous  cartilage,  the  ventral  half  of  which 
is  perforated  by  a  foramen  for  the  obturator  nerve,  but  has  no  large 
fibrous  fontanelle,  or  obturator  foramen,  in  the  ordinary  sense  of  the 
word.  At  the  junction  of  the  dorsal  with  the  ventral  moiety,  the  aceta- 
bulum marks  olF  the  iliac  portion  of  the  pelvic  arch  above,  from  the 
pubic  and  ischial  regions  below ;  and  these  are  further  distingaishable, 
even  apart  from  their  ossifications,  by  the  position  of  the  foramen  for  the 
obturator  nerve  and  the  orig^ins  of  the  muscles.  In  full-grown  specimens 
of  ScUamandra  maculosa,  the  pelvis  presents  the  following  characters 
(Plate  8,  figs.  1,  10,  and  11)  : — The  iliac  axis  is  slightly  inclined  for- 
wards, while  the  iliopectineal  axis  is  practically  parallel  with  the  sacral 
axis.  The  iliac  ossification  extends  into  the  acetabulum,  and  forms  a 
triangular  segment  of  its  roof  with  the  apex  downwards,  exactly  as  in 
lizards.  The  posterior  and  inferior  side  of  the  triangle  is  separated  by 
a  thin  band  of  the  primitive  cartilage  from  the  upper  edge  of  the  simi- 
larly triangular  cotyloid  end  of  the  ischial  ossification,  the  anterior  edge 
of  which  is  vertical,  again  as  in  lizards.  Between  this  edge  and  the 
anterior  and  inferior  edge  of  the  iliac  ossification  there  is  a  cartilagi- 

*  I  WM,  at  one  time,  inclined  to  think  that  this  represented  the  union  of  the 
pubes  and  iBchia  of  the  same  tide  in  ordinary  Sauropsida,  and  that  the  rest  of  the 
iichium  represented  an  unusaally  elongated  metischial  prooess ;  but  the  study  of 
the  development  of  the  pelvis  in  the  chick  has  convinced  me  that  this  is  not  the  case. 

t  See,  however,  the  observations  of  Mr.  Garrod  on  a  ''marsupial  bone'*  in 
ostriches.    "  Proceedings  of  the  Zoological  Society,"  1872. 
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noBS  interspace,  as  in  crocodiles,  which  represents  the  cotyloid  end  of 
the  pubis  (Plate  8,  fig.  1).  This  cartilaginous  part  of  the  pubis  gives 
rise  to  a  pectineal  process  (p.  p.),  which  has  the  same  position  as  in 
birds  and  in  Ornithorhtjnchus.  In  the  floor  of  the  acetabulum,  the  pubic 
ossification  (fig.  1,  Fb,)  makes  its  appearance  as  a  very  thin  lamina, 
which  extends,  underneath  the  pectineal  process,  inwards  ;  and  gradu- 
ally surrounds  the  whole  of  the  thickened  transverse  ridge  of  cartilage 
which  corresponds  with  the  pubis.  The  pubis  is  thus  represented  by 
an  axis  of  cartilage  surrounded  by  bone,  and  the  thick  inner  extremities 
of  the  two  pubes  are  largely  united  by  fibrous  tissue  (fig.  10,  Sy.  p,). 
The  isehia  are  relatively  large,  and  are  united,  partly  by  cartilage  and 
partly  by  ligament,  in  a  long  symphysis  (fig.  10,  8y.  I.).  Their 
posterior  and  external  angles  are  produced  into  short  metischial  pro- 
cesses. In  one  specimen,  I  observed  a  distinct  sutural  line  (Plate  8, 
fig.  11,  «),  between  the  anterior  curved  edge  of  the  right  ischium  and 
the  corresponding  pubis,  while  no  such  suture  could  be  traced  upon 
the  other  side. 

The  pelvic  arch  of  Balamandra,  therefore,  contains  all  the  elements 
which  are  found  in  the  higher  Vertebrata,  but  the  obturator  fon- 
tanelle  is  wanting. 

Proceeding  from  the  symphysis  pubis,  with  which  it  is  connected  by 
ligament,  is  the  "  ypsiloid  "  cartilage  or  epipubis  (figs.  1,  11,  JBp.  ^.), 
which  was  called  by  the  accurate  and  acute  Duges  the  "  marsupial 
cartilage."  This  indication  of  the  homology  of  the  part  has  been 
adopted  by  Cuvier  and  others,  but  I  do  not  know  that  it  has  been 
generally  accepted.  I  believe,  however,  that  the  identification  is 
perfectly  just. 

The  ypsiloid  cartilage  proceeds  forwards  in  the  middle  line,  as  a 
stem  (Ep.  p.)  of  variable  length,  and  then  divides  into  two  branches 
(JdJp.  p,,^  Ep.  p}),  which  diverge  at  right  angles  to  one  another,  and 
terminate  by  rounded  extremities.  The  pedicle  of  the  ypsiloid  cartilage 
is  broad  and  triangular  in  section,  the  apex  of  the  triangle  being  dorsal. 

The  manner  in  which  the  abdominal  muscles  are  connected  with  this 
cartilage  is  very  instructive  (Plate  8,  figs.  13,  15).  The  anterior  pecti- 
nations of  the  external  oblique  muscle  (0.  e.)  are  inserted  into  a  thin  but 
dense  fascia,  which  is  hardly  separable  from  the  superjacent  dermis,  and 
which  extends  across  the  middle  line  to  the  muscle  of  the  other  side. 
The  most  posterior  bundles  of  the  external  oblique,  however,  are  inserted 
by  a  rounded  tendon  into  the  pectineal  process  (Plate  8,  fig.  15,  p-P'), 
which  therefore  answers  to  the  spine  or  tuberosity  of  the  pubis  in 
Mammalia.  Internal  to  this,  the  fascia  arches  over  a  small  space  (t.r.) 
(which  corresponds  with  the  inguinal  ring),  and  is  then  inserted  into 
the  whole  length  of  the  pedicle  and  into  the  posterior  half  of  each  ramus 
of  the  ypsiloid  cartilage.  Beyond  this  point  the  rami  are  free  externally, 
though  they  lie  close  against  the  fascia.   On  their  inner  sides,  however, 
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the jT  are  connected  together  and  with  the  fascia  of  the  external  obliqae, 
in  the  middle  line,  by  a  delicate  sheet  of  fibrous  tissue  (figs.  13  and  15,/). 
On  comparing  this  disposition  of  the  tendon  of  the  external  oblique 
muscle  with  that  which  obtains  in  Omlthorhynchus  (Plate  8,  fig.  14)  the 
correspondence  is  obvious.  For,  in  the  latter,  the  posterior  fibres  of  that 
muscle  are  inserted  directly  into  the  spine  of  the  pubis  (t.  p.).  Between 
these  and  the  outer  edge  of  the  marsupial  bone  there  is  fibrous  inter- 
space, corresponding  with  the  inguinal  ring  (i.  r.)  ;  while  the  more 
anterior  fibres  of  the  external  oblique  are  inserted  into  the  apex  of  the 
bone,  which  is,  as  it  were,  imbedded  in  the  fascia.  If  the  pedicle  of  the 
ypsiloid  cartilage  were  reduced,  the  rami  at  the  same  time  widening 
behind,  until  their  outer  angles  reached  the  pectineal  processes,  and 
their  free  apices  shortening,  the  ypsiloid  cartilage  of  the  salamander 
would  be  converted  into  two  cartilages  having  exactly  the  same  rela- 
tion to  the  tendon  of  the  external  oblique  that  the  marsupial  bones 
have  in  the  Omithorkynchus, 

In  the  Monotreraes  (Plate  8,  fig.  14,  Py.),  there  are  two  very  large 
pyramidales  muscles,  which  spring  from  the  whole  inner  margins  of 
the  marsupial  bones  ;  their  posterior  and  middle  fibres  run  to  the  middle 
line,  but  the  anterior  ones  constitute  a  longitudinal  band,  which  extends 
forwards,  and  is  inserted  along  with  the  rectus  (12.),  of  which,  indeed, 
it  looks  like  a  part.  In  the  salamander,  muscular  fibres  similarly  take 
their  origin  from  the  inner  edges  of  the  rami  of  the  e  pi  pubis ;  and  the 
most  anterior  of  these  fibres  pass  forwards,  and  become  more  or  less 
confounded  with  the  inner  edges  of  the  recti  (fig.  13,  Py.)-  ^^*  *^© 
region  which  answers  to  the  Itnea  alba  (I.  a.)  is  very  broad,  whence  the 
pyramidales  are  separated  by  a  wide  interval. 

Thus  far,  the  muscles  which  are  connected  with  the  epipubis  are 
strictly  comparable  with  those  which  are  attached  to  the  marsupial 
bones.  But,  in  Salamandra^  there  is  a  muscle  (Plate  8,  fig.  13,  A.), 
of  which  I  have  been  able  to  find  no  representative  in  the  Monotremes 
I  have  dissected.  This  is  a  thin  band  of  longitudinal  fibres,  which 
spring  partly  from  the  pubis,  close  to  the  symphysis,  and  partly  from 
the  outer  edge  of  the  pedicle  of  the  epipubis,  and  are  inserted  into 
the  outer  edge  of  the  ramus  (Plate  8,  fig.  13,  A.),  External  to  this,  a 
broad  flat  band  of  muscular  fibres  (fig.  13,  B.)  takes  its  origin  from 
the  pubis  and  its  pectineal  process,  and  runs  forwards  to  be  inserted 
into  the  modified  branchial  arches  and  the  tongue.  These  are  the 
hehosteoghasi  of  von  Siebold  ("  Observationes  qussdam  de  Salamandris 
et  Tritonibus**).  Superficial  to  this  mnscle,  is  the  proper  rectus  (i^.) 
itself,  marked  by  its  tendinous  intersections;  while,  on  the  dorsal 
or  deep  side  of  both,  there  is  a  curious  fan- shaped  muscle  (0.),  which 
takes  its  origin  from  the  pectineal  process,  by  a  narrow  tendon,  and 
spreads  out  to  be  inserted  into  the  outer  face  of  the  pedicle  and 
the  outer  edge  of  the  ramus  of  its  side.   The  ventral  face  of  the  pedicle 
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and  the  posterior  halves  of  the  rami  are  closely  adherent  to  the  fascia 
of  the  external  obliqne  in  the  middle  line,  and  lie  between  the  inner 
edges  of  the  two  recti.  Finally,  the  fibres  of  the  transversus  (fig.  13,  Trs.) 
are  inserted  into  the  outer  edges  of  the  rami,  and  the  fascia  "which 
unites  these  appears  to  belong  to  the  transversus. 

On  comparing  the  recti  and  the  muscles  A,  B,  C,  with  those  of  Or- 
nithorh}jnchus  and  Echidna,  a  great  apparent  difference  manifests  itself. 
For  the  very  thin  recti  of  the  Monotremes  take  their  origin  from  the 
pubis  along  a  line  which  extends  from  the  tubercle  to  close  to  the 
symphysis,  and  pass  forwards,  dorsad  of  the  marsupial  bones  and  the 
pyramidales,  which  thus  lie  altogether  in  front  of  them  and  are,  by 
them,  largely  separated  from  the  fascia  trans versalis.  Nevertheless, 
it  will  be  observed  that  the  origin  of  the  muscle  B  nearly  corre- 
sponds with  that  of  the  rectus  in  Omithorynchus ;  and  I  am  disposed 
to  think  that,  in  this  animal,  the  rectus,  at  least  in  its  posterior 
moiety,  is  represented  by  the  homologue  of  this  muscle,  which  has 
extended  laterally  over  the  dorsal  face  of  the  enormously  enlarged 
homologues  of  the  rami  of  the  ypsiloid  cartilage. 

However  this  may  be,  it  must  be  recollected  that  it  is  only  the 
extreme  ends  of  the  rami  which  lie  dorsad  of  the  recti,  and  that,  in  the 
rest  of  its  extent,  the  epipubis  of  Saldmaiidra  is  firmly  fixed  to  the  fascia 
of  the  external  oblique,  which  forms  the  front  wall  of  the  sheath  of  the 
rectus.  The  homology  of  the  epipubis  with  the  marsupial  bones  is 
determined  by  the  essential  identity  of  the  relations  of  the  two  to  the 
tendons  of  the  external  oblique  muscles. 

It  seems  to  me  that,  in  such  a  pelvis  as  that  of  Salamomdra,  we 
have  aa  adequate  representation  of  the  type  from  which  all  the  dif- 
ferent modifications  which  we  find  in  the  higher  Vertebrata  may  have 
taken  their  origin. 

In  the  lizards  and  the  Chelofiia  the  iliac  and  obturator  axes  hare 
inclined  forwards,  and  the  epipubes  have  been  reduced  to  such  rudi- 
ments, as  have  been  described  in  chameleons  and  in  some  tortoises.* 

In  the  crocodiles,  with  the  same  general  pelvic  characters,  the 
cotyloid  end  of  the  pubis  retains  its  imperfectly  ossified  condition, 
while  the  epibubes  represent  the  vastly  enlarged  rami  of  the  sala- 
mandrine  epipubis. 

In  the  Orntthoscelida  and  in  birds,  the  ilia  elongate,  but  it  is  the 
modification  of  the  pubes  and  ischia  which  is  the  most  chai*acteri8tic 
feature  of  the  pelvis,  and  the  epipubis  vanishes. 

In  the  Pterosauria  and  in  the  Dicynodonts,  the  salamandrine  non- 
development  of  an  obturator  fontanelle  persists ;  and,  in  the  former, 
the  sessile  rami  of  the  epipubis  appear  to  be  represented  by  the  so-called 
marsupial  bones. 

*  Hoffmann,  "  Bcitr&ge  zur  Kenntnifls  des  Beckens  der  Amphibien  und  Bepti- 
lien,"  "  Nied.  Archiy  ftur  Zoologie,"  Bd.  8,  p.  143, 1876. 
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Unless  the  like  should  prove  to  be  the  case  in  the  DicynodontSy  it  is 
in  the  Mammalia  alone  that  the  sabsaeral  portion  of  the  iliam  elongateB 
backwards,  carrying  with  it  the  pubis  and  the  ischium,  between  which 
a  large  rounded  obturator  f  ontanelle  is  developed. 

These  facts  appear  to  me  to  point  to  the  conclusion  that  the  Mam* 
malia  have  been  connected  with  the  Amphibia  by  some  unknown  "  pro- 
mammalian  "  group,  and  not  by  any  of  the  known  forms  of  Sauropsida ; 
and  there  is  other  evidence  which  tends  in  tbe  same  direction. 

Thus,  the  Amphibia  are  the  only  air-breathing  Yertebrata  which,  like 
Mammals,  have  a  dicondylian  skull.  It  is  only  in  them  that  the 
articular  element  of  the  mandibular  arch  remains  cartilaginous; 
while  the  quadrate  ossification  is  small,  and  the  squamosal  extends 
down  over  it  to  the  osseous  elements  of  the  mandible ;  thus  affording 
an  easy  transition  to  the  mammalian  condition  of  these  parts. 

The  pectoral  arch  of  the  Monotremes  is  as  much  amphibian  as  it  is 
sauropsidan ;  the  cai*pus  and  the  tarsus  of  all  Sauropsida,  except  the 
Clielonia,  are  modified  away  from  the  Urodele  type,  w^hile  those  of 
the  Mammal  are  directly  reducible  to  it ;  and  it  is  perhaps  worth  notice, 
that  the  calcar  of  the  frogs  is,  in  some  respects,  comparable  with  the 
spur  of  the  Monotremes. 

Finally,  the  fact  that,  in  all  Sauropsida,  it  is  a  right  aortic  arch 
which  is  the  main  conduit  of  arterial  blood  leaving  the  heart,  while,  in 
Mammals,  it  is  a  left  aortic  arch  which  performs  this  office,  is  a  great 
stumbling-block  in  the  way  of  the  derivation  of  the  Mammalia  from 
any  of  the  Sauropsida.  But,  if  we  suppose  the  earliest  forms  of  both 
the  Mammalia  and  the  Sauropsida  to  have  had  a  common  Amphibian 
origin,  there  is  no  difficulty  in  the  supposition  that,  from  the  first,  it 
was  a  left  aortic  arch  in  the  one  series,  and  the  corresponding  right 
aortic  arch  in  the  other,  which  became  the  predominant  feeder  of 
the  arterial  system. 

The  discovery  of  the  intermediate  links  between  Reptilia  and  Aves, 
among  extinct  forms  of  life,  gives  every  ground  for  hoping  that, 
before  long,  the  transition  between  the  lowest  Mammalia  at  present 
known  and  the  simpler  Vertebrata  may  be  similarly  traced.  The 
preceding  remarks  are  intended  to  direct  attention  to  the  indications 
of  the  characters  of  these  promammalian  Vertebrata,  which  the 
evidence  at  present  forthcoming  seems  to  me  to  suggest. 

In  the  relatively  large  size  of  the  brain,  and  in  the  absence  of 
teeth,  the  only  existing  representatives  of  the  OniUhodelphia  present 
characters  which  suggest  that  they  are  much  modified  members  of 
the  group.  On  comparing  the  brain  of  Echidna^  for  example,  with 
that  of  many  MarsupiuUa  and  Insectivora,  ite  relative  magnitude 
is  remarkable :  and,  in  view  of  the  evidence  which  is  now  accumu- 
lating, that  the  brain  increases  in  size  in  the  later  members  of  the 
same  series  of  Mammalia,  one  may  surmise  that  Echidna  is  the  last 
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term  of  a  series  of  smaller-brained  OrnifhodeJphia,  Among  the  higher 
Vertebrata,  I  think  that  there  is  strong  reason  to  believe  that  edentu- 
lous animals  are  always  modifications  of  toothed  forms. 


EXPLANATION  OF  PLATE  8. 

FigB.  1  to  9.  The  left  half  of  the  pubic  arch  in  Salamandra  (fig.  1),  Iguana 
(fig.  2),  Crocodiles  (fig.  3),  Omithorhynchus  (fig.  4),  Echidna  (fig.  5), 
Lejpus  (fig.  6),  Compsognathus  (fig.  7)>  Laosaurus  (fig.  8),  and  Apteryx 
(fig.  9).  The  letters  hare  the  same  Bignification  throughout.  77.  ilium, 
Pb.  pubis,  Is.  ischium,  £[p.p.  epipubia,  S.  a.  sacral  axis,  ijp.  a.  ilio-pectineal 
axis,  Ob,  a.  obturator  axis,  //.  a.  iliac  axis,  Sg.  p.,  Sg,  7.,  indicate  the 
extent  to  which  the  pubes  and  the  ischia  unite  respectirelj  in  their 
ventral  symphyses  ;  p.  p.  pectineal  process,  t.  p.  tuberosity  or  spine  of  the 
pubis,  m.  p.  metischial  process  or  tuberosity  of  the  ischium,  CI.  os  cloacse 
in  Iguana. 

Figs.  10, 11.  Dorsal  and  yentral  yiews  of  the  yentral  half  of  the  pelyis  of  Salamandra 
maculosa  (  x  4).  The  letters  as  before,  except  JSpp.^  Epp.^y  right  and  left 
rami  of  the  epipubis  or  ypsiloid  cartilage,  06.  n.  foramen  of  the  obturator 
nerve,  s.  trace  of  a  suture  between  the  ischium  and  the  pubis  on  the  right 
side,  Ac.  acetabulum. 

Fig.  12.  Yentral  aspect  of  the  pelvis  of  a  small  Crocodilus  acutus  and  the  hinder- 
most  abdominal  false  ribs,  of  the  natural  size.  The  obturator  nerve 
{Ob.  n.)  perforates  the  aponeurosis,  which  fills  up  the  rhomboidal  space 
between  the  ischia  and  the  pubes,  on  the  inner  side  of  the  pubis.  Sg,  p.  l. 
the  ligamentous  union  of  the  pubes. 

Fig.  13.  Dorsal  aspect  of  the  epipubb  and  the  muscles  connected  with  it  in 
Salamandra  maculosa.  On  the  left  side,  the  transversalis  and  the 
muscle  C.  are  removed. 

Fig.  15.  The  same,  all  the  muscles  but  the  external  oblique  being  removed. 

Fig.  14.  The  epipubis  and  the  adjacent  muscles  in  OrnUhorhgnchus, 

R.  rectus  abdominus,  Pg.  pyramidalis,  0.  e.  obliquus  extemus,  Trs,  trans  versus, 
I.  a.  linea  alba,  /.  fascia,  extending  between  the  two  rami  of  the  epipubis 
in  Salamandra^  P. I.  the  representative  of  Poupart's  ligament,  t.  r.  inguinal 
ring,  A.  B.  C.  muscles  of  Salamandra  described  in  the  text.  A.  and  C 
together  appear  to  be  the  pubio-marsupial  of  Dug^s :  B.  is  the  hebosteo- 
glossus  of  von  Siebold. 


March  13,  1879. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 


4<)t)  Lord  I\ayl('ii;li.      llir  Injhicuce  of  [Mar.  13, 


I.  "  The  Influence  of  Electricity  on  Colliding  Water  Drops." 
By  Lord  Rayleigh,  F.R.S.    Received  Febraary  27,  1879. 

It  has  been  known  for  many  years  that  electricity  has  an  extra- 
ordinary influence  upon  the  behaviour  of  fine  jets  of  water  ascending 
in  a  nearly  vertical  direction.  In  its  normal  state  a  jet  resolves  itself 
into  drops,  which  even  before  passing  the  summit,  and  still  more  after 
passing  it,  are  scattered  through  a  considerable  width.  When  a 
feebly  electrified  body  is  brought  into  its  neighbourhood,  the  jet 
undergoes  a  remarkable  transformation,  and  appears  to  become  co- 
herent ;  but  under  more  powerful  electrical  action  the  scattering  be- 
comes even  greater  than  at  first.  The  second  effect  is  readily  attributed 
to  the  mutual  repulsion  of  the  electrified  drops,  but  the  action  of 
feeble  electricity  in  producing  apparent  coherence  has  been  a  mystery 
hitherto. 

It  has  been  shown  by  Beetz  that  the  coherence  is  apparent  only, 
and  that  the  place  where  the  jet  breaks  into  drops  is  not  perceptibly 
shifted  by  the  electricity.  By  screening  various  parts  with  metallic 
plates,  Beetz  further  proved  that,  contrary  to  the  opinion  of  earlier 
observers,  the  seat  of  sensitiveness  is  not  at  the  root  of  the  jet  where 
it  leaves  the  orifice,  but  at  the  place  of  resolution  into  drops.  As  in 
Sir  W.  Thomson's  water-dropping  apparatus  for  atmospheric  electri- 
city, the  drops  carry  away  with  them  an  electric  charge,  which  may 
be  collected  by  receiving  the  water  in  an  insulated  vessel. 

I  have  lately  succeeded  in  proving  that  the  normal  scattering  of  a 
nearly  vertical  jet  is  duo  to  the  rebound  of  the  drops  when  they  come 
into  collision  with  one  another.  Such  collisions  are  inevitable  in  con- 
sequence of  the  different  velocities  acquired  by  the  drops  under  the 
action  of  the  capillary  force,  as  they  break  away  irregularly  from  the 
continuous  portion  of  the  jet.  Even  when  the  resolution  is  regularised 
by  the  action  of  external  vibrations  of  suitable  frequency,  as  in  the 
beautiful  experiments  of  Savart  and  Plateau,  the  drops  must  still 
come  into  contact  before  they  reach  the  summit  of  their  parabolic 
path.  In  the  case  of  a  continuous  jet  the  "  equation  of  continuity  " 
shows  that  as  the  jet  loses  velocity  in  ascending,  it  must  increase  in 
section.  When  the  stream  consists  of  drops  following  the  same  path 
in  single  file,  no  such  increase  of  section  is  possible,  and  then  the 
constancy  of  the  total  stream  requires  a  gradual  approximation  of  the 
drops,  which  in  the  case  of  a  nearly  vertical  direction  of  motion  cannot 
stop  short  of  actual  contact.  Regular  vibration  has,  however,  the 
effect  of  postponing  the  collisions  and  consequent  scattering  of  the 
drops,  and  in  the  case  of  a  direction  of  motion  less  nearly  vertical 
may  prevent  them  altogether. 
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Under  moderate  electrical  influence  there  is  no  material  change  in 
the  resolution  into  drops,  nor  in  the  subsequent  motion  of  the  drops 
up  to  the  moment  of  collision.  The  difference  begins  here.  Instead 
of  rebounding  after  collision,  as  the  unelectrified  drops  of  clean  water 
generally  or  always  do,  the  electrified  drops  coalesce^  and  thus  the  jet 
is  no  longer  scattered  about.  When  the  electrical  influence  is  more 
powerful,  the  repulsion  between  the  drops  is  suf5.cient  to  prevent 
actual  contact,  and  then  of  course  there  is  no  opportunity  for  amal- 
gamation. 

These  experiments  may  be  repeated  with  extreme  ease  and  with 
hardly  any  apparatus.  The  diameter  of  the  jet  may  be  about  ^  inch, 
and  may  be  obtained  either  from  a  hole  in  a  thin  plate  or  from  a 
drawn-out  glass  tube.  I  have  generally  employed  a  piece  of  glass 
tube  fitted  at  the  end  with  a  perforated  tin  plate,  and  connected  with 
a  tap  by  india-rubber  tubing.  The  pressure  may  be  such  as  to  cause 
the  jet  to  rise  18  or  24  inches,  or  even  more.  A  single  passage  of  a 
rod  of  gutta-percha,  or  of  sealing-wax,  along  the  sleeve  of  the  coat  is 
sufficient  to  produce  the  effect.  The  seat  of  sensitiveness  may  be  in- 
^stigated  by  exciting  the  extreme  tip  only  of  a  glass  rod,  which  is 
then  held  in  succession  to  the  root  of  the  jet  and  to  the  place  of  reso- 
lution into  drops.  An  effect  is  observed  in  the  latter  but  not  in  the 
former  position.  Care  must  be  taken  to  use  an  electrification  so  feeble 
as  to  require  close  proximity  for  its  operation,  otherwise  the  dis- 
crimination of  the  positions  will  not  be  distinct. 

The  behaviour  of  the  colliding  drops  becomes  apparent  under  in- 
stantaneous illumination.  I  have  employed  sparks  from  an  induc- 
torium,  whose  secondary  terminals  were  connected  with  the  coatings 
of  a  Leyden  jar.  The  jet  should  be  situated  between  the  sparks  and 
the  eye,  and  the  observation  is  facilitated  by- a  piece  of  ground  glass 
held  a  little  beyond  the  jet,  so  as  to  diffuse  the  light ;  or  the  ahadmo 
of  the  jet  may  be  received  on  the  ground  glass,  which  is  then  held  as 
close  as  possible  on  the  side  towards  the  observer. 

If  the  jet  be  supplied  from  an  insulated  vessel,  the  coalescence  of 
colliding  drops  continues  for  a  time  after  the  removal  of  the  in- 
fluencing body.  This  is  a  consequence  of  the  electrification  of  the 
vessel.  If  the  electrified  body  be  held  for  a  time  pretty  close  to  the 
jet,  and  be  then  gradually  withdrawn,  a  point  may  be  found  where 
the  rebound  of  colliding  drops  is  re-established.  A  small  motion  to 
or  fr&m  the  jet,  or  a  discbarge  of  the  vessel  by  contact  of  the  finger, 
again  induces  coalescence. 

Although  in  these  experiments  the  charges  on  the  colliding  drops 
are  undoubtedly  of  the  same  name,  it  appeared  to  me  very  improbable 
that  the  result  of  contact  of  two  equal  drops,  situated  in  the  open,  could 
be  affected  by  any  strictly  equal  electrifications.  At  the  same  time  an 
opposite  opinion  makes  the  phenomena  turn  upon  the  very  small 
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differences  of  electrification  due  either  to  irregularities  in  the  drops  or 
to  differences  of  situation,  and  is  at  first  difficult  of  acceptance  in  view 
of  the  efficiency  of  such  very  feeble  electric  forces.  Fortunately  I  am 
able  to  bring  forward  additional  evidence  bearing  upon  this  point. 

When  two  horizontal  jets  issae  from  neighbouring  holes  in  a  thin 
plate,  they  come  into  collision  for  a  reason  that  I  need  not  now  stop 
to  explain,  and  after  contact  they  frequently  rebound  from  one 
another  without  amalgamation.  This  observation,  which  I  suppose 
must  have  been  made  before,  allowed  me  to  investigate  the  effect  of  a 
passage  of  electricity  across  two  contiguous  water  surfaces.  The  jets 
that  I  employed  were  of  about  yV  ^^  in  diameter,  and  issued  under 
a  moderate  pressure  (5  or  6  inches)  from  a  large  stoneware  vessel. 
Below  the  place  of  rebound,  but  above  that  of  resolution  into  drops, 
was  placed  a  piece  of  insulated  tin  plate  in  connexion  with  a  length 
of  gutta-percha-covered  wire.  The  source  of  electricity  was  a  very 
feebly  excited  electrophorous,  whose  cover  was  brought  into  contact 
with  the  free  end  of  the  insulated  wire.  When  both  jets  played  upon 
the  tin  plate,  the  contact  of  the  electrified  cover  had  no  effect  in 
determining  the  union,  but  when  only  one  jet  washed  the  plate,  union 
instantly  followed  the  communication  of  electricity,  and  this  notwith- 
standing that  the  jets  were  already  in  communication  through  the 
vessel.  The  quantity  of  electricity  required  is  so  small  that  the  cover 
would  act  three  or  even  four  times  without  being  re-charged,  although 
no  precautions  were  taken  to  insulate  the  reservoir. 

In  subsequent  experiments  the  colliding  jets,  about  ^^  inch  in 
diameter,  issued  horizontally  from  similar  glass  nozzles,  formed  by 
drawing  out  a  piece  of  glass  tubing  and  dividing  it  with  a  file  at  the 
narrowest  part.  One  jet  was  supplied  from  the  tap,  and  the  other 
from  the  stoneware  bottle  placed  upon  an  insulating  stool.  The  sen- 
sitiveness to  electricity  was  extraordinary.  A  piece  of  rubbed  gutta- 
percha broaght  near  the  insulated  bottle  at  once  determined  the 
coalescence  of  the  jets.  The  influencing  body  being  held  still,  it  was 
possible  to  cause  the  jets  again  to  rebound  from  one  another,  and  then 
a  small  motion  of  the  influencing  body  to  or  from  the  bottle  again 
induced  coalescence,  but  a  lateral  motion  without  effect.  If  an 
insulated  wire  be  in  connexion  with  the  contents  of  the  bottle,  similar 
effects  are  produced  when  the  electrified  body  is  moved  in  the  neigh- 
bourhood of  the  free  end  of  the  wire.  With  care  it  is  possible  to 
bring  the  electrified  body  into  the  neighbourhood  of  the  free  end  of 
the  wire  so  slowly  that  no  effect  is  produced ;  a  sudden  movement  of 
withdrawal  will  then  usually  determine  the  coalescence. 

Hitherto  statical  electricity  has  been  spoken  of ;  but  the  electro- 
motive force  of  even  a  single  Grove  cell  is  sufficient  to  produce  these 
phenomena,  though  not  with  the  same  certainty.  For  this  purpose 
one  pole  is  connected  through  a  contact  key  with  the  interior  of  the 
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stoneware  bottle,  the  other  pole  being  to  earth.  If  the  fingers  be 
slightly  moistened,  the  body  may  be  thrown  into  the  circuit,  appa- 
rently without  diminution  of  eflPect.  This  perhaps  ought  not  to  sur- 
prise us,  as  in  any  case  the  electricity  has  to  traverse  several  inches 
()f  a  fine  column  of  water.  On  the  other  hand,  it  appeared  that  most 
of  the  electromotive  force  of  the  Grove  cell  was  necessary. 

Further  experiment  showed  that  even  the  discharge  of  a  condenser 
charged  by  a  single  Grove  cell  was  sufficient  to  determine  coalescence. 
Two  condensers  were  used  successively ;  one  belonging  to  an  in- 
ductorium  by  Ladd,  the  other  made  by  Elliott  Brothers,  and  marked 
"  Capacity  ^  Farad.'*    Sometimes  even  the  "  residual  charge  "  sufficed. 

It  must  be  understood  that  coalescence  of  the  jets  would  sometimes 
occur  in  a  capricious  manner,  without  the  action  of  electricity  or 
other  apparent  cause.  I  have  reason  to  believe  that  some,  at  any  rate, 
of  these  irregularities  depended  upon  a  want  of  cleanness  in  the 
water.  The  addition  to  the  water  of  a  very  small  quantity  of  soap 
makes  the  rebound  of  the  jets  impossible. 

The  last  observation  led  me  to  examine  the  behaviour  of  a  fine 
vertical  jet  of  slightly  soapy  water ;  and  I  found,  as  I  had  expected, 
that  no  scattering  took  place.  Under  these  circumstances  the  approach  of 
:i  moderately  electrified  body  is  without  effect,  but  a  more  powerful 
iniinence  scatters  the  drop  as  usual.  The  apparent  coherence  of  a  jet 
of  water  when  the  orifice  is  oiled  was  observed  by  Fuchs,  and  appears 
to  have  been  always  attributed  to  a  diminution  of  adhesion  between 
the  jet  and  the  walls  of  the  orifice. 

Some  further  details  on  this  subject,  and  other  investigations  re- 
specting the  phenomena  of  jets,  are  resei-ved  for  another  communication, 
which  I  hope  soon  to  be  able  to  present  to  the  Royal  Society  ;  but  I 
(»annot  close  without  indicating  the  probable  application  to  meteorology 
of  the  facts  already  mentioned.  It  is  obvious  that  the  formation  of 
rain  must  depend  very  materially  upon  the  consequences  of  en- 
counters between  cloud  particles.  If  encounters  do  not  lead  to  con- 
tacts, or  if  contacts  result  in  rebounds,  the  particles  remain  of  the 
same  size  as  before ;  but,  if  the  issue  be  coalescence,  the  bigger  drops 
must  rapidly  increase  in  size  and  be  precipitated  as  rain. -  Now,  from 
what  has  appeared  above  we  have  every  reason  to  suppose  that  the 
results  of  an  encounter  will  be  different  according  to  the  electrical 
condition  of  the  particles,  and  we  may  thus  anticipate  an  explanation 
of  the  remarkable  but  hitherto  mysterious  connexion  between  rain 
and  electrical  manifestations. 
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II,  "  On  the  Influence  of  Coal-dust  in  Colliery  Explosions."  No. 
2.  By  W.  Galloway.  Communicated  by  Robert  H. 
Scott,  F.R.S.,  Secretary  to  the  Council  of  the  Meteorologi- 
cal Office.    Received  February  27,  1879. 

In  the  former  commnnication  on  this  snbject,  which  I  had  the 
hononr  of  snbmitting  to  the  Fellows  (  "Proc.  Roy.  See,"  vol.  xxiv, 
p.  354),  some  experiments  were  described  which  showed  that  a 
mixture  of  air  and  coal-dust  of  a  certain  known  chemical  composition 
was  not  inflammable  at  ordinary  pressure  and  temperature ;  and  that, 
when  0*892  per  cent,  of  fire-damp  (by  volume),  or  a  greater  propor- 
tion, was  added  to  the  same  mixture,  it  became  inflammable  and 
burned  freely  with  a  red  smoky  flame.  The  general  conclusion  to 
which  the  second  result  pointed  was  also  stated  in  the  same  place  to 
be,  that,  an  explosion  originated  in  any  way  whatever  in  a  dry  and 
dusty  nodne,  may  extend  itself  to  remote  parts  of  the  workings,  where 
the  presence  of  fire-damp  was  quite  unsuspected. 

The  wetness  or  dryness  of  the  workings  of  a  mine  depends,  other 
things  being  equal,  on  the  temperature  of  the  strata  in  which  they  are 
situated :  for  it  is  obvious  that  if,  on  the  one  hand,  the  temperature 
of  the  mine  is  lower  than  the  dew-point  of  the  air  at  the  surface,  the 
ventilating  current  will  deposit  moisture  as  it  becomes  cooled  in  pass- 
ing through  the  workings ;  and  if,  on  the  other  hand,  the  temperature 
of  the  mine  is  higher  than  the  dew-point  of  the  air  at  the  surface,  the 
ventilating  current  will  absorb  moisture  and  tend  to  produce  a  state  of 
dryness.  It  is  well  known,  however,  that  the  temperature  of  the 
strata  in  the  Coal  Measures  of  this  country  increases  at  the  rate  of 
about  1°  F.  for  every  60  feet  of  additional  depth  below  the  surface, 
and,  therefore,  from  what  precedes,  it  is  evident  thai  the  cmnparative 
wetness  or  dryness  of  a  mine  depends  on  its  depth. 

As  far  as  my  own  observations  are  concerned,  I  have  found  that 
coal  mines,  shallower  than  400  feet,  are  damp  or  wet,  and  those 
deeper  than  700  feet  are  dry  and  dusty :  between  these  two  points, 
also,  there  appears  to  be  a  kind  of  debateable  ground  in  which  wetness 
or  dryness  depends,  for  the  time  being,  on  the  coldness  or  warmness 
of  the  air  entering  the  mine  at  the  surface. 

In  all  dry  coal  mines  the  coal-dust  lying  on  the  floor  of  the  road- 
ways rises  in  clouds  and  fills  the  air  when  it  is  disturbed  by  the 
passage  of  men,  horses,  small  waggons,  &c. ;  a  sudden  puff  of  air, 
therefore,  such  as  that  produced  by  a  local  explosion  of  fire-damp,  or 
by  a  shot  blowing  out  its  tamping,  must  necessarily  produce  the  same 
effect  in  a  greater  or  less  degree  according  to  its  intensity.  The 
mixture  of  coal-dust  and  air,  formed  by  the  action  of  either  the  fire- 
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damp  explosion  or  the  blown-out  shot,  will  be  inflammable  if  it  con- 
tain any  larger  proportion  of  fire-damp  than  0*892  per  cent.,  and  the 
flame  of  the  original  explosion  will  pass  on  through  it,  extending  the 
area  of  the  disturbance  as  far  as  the  same  conditions  exist,  or,  it  may 
be,  to  the  utmost  limits  of  the  workings.  If  it  contain  more  than 
0892  per  cent,  of  fire-damp,  it  will  be  more  and  more  explosive, 
according  as  the  proportion  of  fire-damp  is  greater,  until  a  maximum 
point  is  reached,  beyond  which  its  explosiveness  will  begin  again  to 
decline.  If,  lastly,  it  contain  less  than  0*892  per  cent,  of  fire-damp, 
or  even  if  it  consist  only  of  coal-dust  and  pure  air,  it  will  still  be  so 
nearly  inflammable  that  it  will  probably  become  so  when  it  undergoes 
the  compression  and  consequent  heating  which  the  occurrence  of  an 
explosion  in  one  part  of  a  confined  space  must  necessarily  produce 
throughout  the  remainder  of  the  same  space.  It  is  probable,  more- 
over, that  some  kinds  of  coal-dust  require  less  fire-damp  than  others 
to  render  their  mixture  with  air  inflammable ;  and  it  is  conceivable 
that  still  other  kinds  may  form  inflammable  mixtures  with  pure  air. 

I  have  partially  investigated  the  relation  between  the  proportions 
of  air,  coal-dust,  and  gas*  required  to  insure  inflammation  or  ex- 
])losion  on  the  application  of  a  light ;  but  as  the  series  of  experiments 
is  not  yet  complete,  I  propose  to  reserve  their  description  for  some 
future  opportunity.  I  may  mention,  however,  that  in  the  apparatus 
which  I  have  hitherto  employed,  the  proportion  of  coal-dust  which 
icave  the  best  results  was  much  larger  than  might  at  first  sight  be 
thought  necessary,  namely,  about  one  ounce  of  dust  to  a  cubic  foot  of 
air  for  all  mixtures  of  gas  and  air,  ranging  between  one  of  gas  and 
twenty  of  air,  and  one  of  gas  and  forty  of  air.  Also,  in  one  of  the 
experiments  with  the  return  air  of  a  mine,  which  I  propose  to 
describe  in  this  place,  the  air  requires  to  be  literally  black  with  dust 
before  it  will  ignite.  It  is,  therefore,  obvious  that  the  particles  which 
are  floating  about  in  the  air  of  a  dry  mine,  in  its  normal  state,  cannot 
render  it  inflammable ;  and  it  is  probable  that  only  the  sweeping 
action  of  a  gust  of  wind,  like  a  squall,  passing  along  the  galleries,  can 
raise  a  sufficient  quantity  to  do  so. 

Some  of  the  colliery  explosions  which  have  occurred  during  the 
last  two  years  are  amongst  the  most  disastrous  on  record,  and  the 
attempts  that  have  been  made  to  explain  them  are  of  the  usual  un- 
satisfactory character.  The  assumption,  without  a  vestige  of  proof 
1  hat  fire-damp  has  suddenly  burst  from  the  strata,  is  still  maintained 
even  in  cases  in  which  the  flame  is  seen  to  have  ramified  into 
the  extremity  of  every  cid-de-sac  and  extended  to  the  opposite 
boundaries  of  the  workings.  The  very  token  whereby  the  ubiquity 
of  the  flame  is  made  manifest,  is  the  so-called  charring  of  the  timber, 

*  Ah  these  experiments  were  only  preliminary  oneB  made  chiefly  for  the  purpose 
of  testing  the  apparatus,  common  hgliting  gas  was  employed  in  them. 
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coal,  and  rubbish ;  and  this,  generally  in  the  case  of  the  timber,  and 
always  in  the  case  of  the  coal  and  rabbish,  consists  of  a  coating  of 
coked  coal-dust  adhering  to  them  superficially,  and  testifying  nn- 
mistakably  by  its  presence  that  coal-dust  has  actually  been  playing 
the  part  which  is  claimed  for  it  by  myself  and  others. 

Following  are  a  few  of  the  details  that  have  become  known  regard- 
ing the  most  recent  explosions  of  importance : — 

Pemberton  (11th  October,  1877).  36  men  killed.  Depth  1,005 
feet.  At  page  833  of  the  '^  Reports  of  the  Inspectors  of  Mines,"  it 
is  said: — "The  Pemberton  Colliery  had  been  held  up  as  a  model  of 
engineering,  and  seemed  to  be  the  last  place  at  which  a  disaster  of 
this  kind  was  likely  to  happen."  At  page  332  of  the  same  yolnme, 
the  following  gratuitous  explanation  of  the  explosion  is  given : — "  The 
effect  of  a  shot  blowing  out,  and  which  appears  to  have  occurred, 
would  be  to  exhaust  the  face  and  sides  of  Butter's  place  and  Prioe^s 
place,  and  this  additional  fire-damp  rushing  out  into  an  atmosphere 
already  heavily  charged,  would  bring  the  air  in  this  particular  dis- 
trict up  to  the  explosive  point." 

Blantyre  (22nd  October,  1877).  207  men  killed.  Depth  of  the 
workings  from  800  to  900  feet.  The  seam  is  not  very  gaseous  and 
the  mine  was  supposed  to  be  well  ventilated.  It  was  impossible  to 
say  where  the  explosion  began.  At  page  7  of  the  official  report  it  is 
said : — '*  The  explosion  extended  throughout  miles  of  the  workings 
and  was  of  the  most  violent  kind.  The  gas  in  a  large  portion  of  the 
workings  had  apparently  been  mixed  to  a  highly  explosive  state. 
The  noise  at  the  top  of  No.  2  shaft  is  described  as  having  been  like  a 
shot  in  a  sinking  pit,  and  a  great  volume  of  smoke  and  dust  came  to 
the  top.  On  the  top  of  No.  3  shaft  the  noise  was  like  the  bursting  of 
a  steam  pipe,  or  shot  in  a  sinking  pit,  and  was  as  quickly  over,  flame 
coming  out  of  the  shaft  mouth.  Flame  seems  to  have  extended 
through  nearly  all  the  working  places."  Again,  at  page  11 : — "  The 
mine  being  dry  and  dusty,  and  the  dust  being  mixed  with  highly 
inflammable  splint  coal,  would  help  to  spread  the  flame  and  give  force 
to  the  explosion."  Lastly,  at  page  206  of  the  notes  of  evidence,  a 
witness  says : — "  I  desire  to  make  a  suggestion.  On  one  occasion 
Mr.  Watson  (the  manager)  told  me  that  the  mine,  being  a  dry  one, 
like  a  desert,  the  coal-dust  would  aggravate  an  explosion."* 

Unity  Brook  (12th  March,  1878).  43  men  killed.  Depth  of  the 
workings  792  feet.  The  workings  were  examined,  and  found  to  be 
safe,  half  an  hour  before  the  explosion.     The  mine  was  dry  and  dusty. 

*  It  is  encouraging  to  observe  that  the  agency  of  coal-dust  has  thus  been  recog> 

nized  by  some  persons  connected  with  mining,  although  it  appears  to  hare  entirely 

escaped  the  notice  of  every  one  except  Faraday  and  Lyell,  and  some  of  the  French 

mining  engineers,  until  after  the  appearance  of  my  first  paper  on  this  subject  in 

1876, 
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Smoke  and  soot  came  up  the  upcast.  The  flame  had  travelled  all 
through  the  mine  and  100  yards  up  the  shaft.  Naked  lights  were 
used  and  shots  were  fired. 

Apedale  (27th  March,  1878).  40  men  killed.  Depth  (?).  Smoke 
and  flame  came  up  the  shaft.     The  workiAgs  were  set  on  fire. 

Hajdock  (7th  June,  1878).  195*  men  killed.  Depth  of  the  workings 
750  feet.  Smoke  and  dust  were  ejected  from  the  shafts.  The  mine 
was  dry  and  dusty.  It  was  not  possible  to  say  how  or  where  the 
explosion  had  occurred.  Locked  safety  lamps  were  used  and  no  shots 
were  fired  in  the  district  where  the  explosion  happened. 

Abercarne  (11th  September,  1878).  264  men  killed.  Depth  (?). 
A  flash  of  flame  and  a  column  of  black  smoke  ascended  high  into 
the  air  above  the  mouth  of  the  shaft.  The  workings  were  set  on 
fire.  This  mine  was  well  ventilated,  and  no  accumulations  of  gas  of 
any  consequence  were  known  to  exist  in  it.  The  workings  were  un- 
usually dry  and  contained  much  very  fine  coal-dust.  Locked  safety 
lamps  were  used  and  no  shots  were  fired. 

Dinas  (13th  January,  1879).  63  men  killed.  Depth  of  the  shaft, 
1,218  feet.  The  workings  extended  under  high  ground,  where  they 
were  from  1,500  to  1,800  feet  below  the  surface ;  they  were  very  dry  and 
dusty.  Small  accumulations  of  explosive  gas  were  sometimes  formed 
in  them,  but  not  of  sufficient  magnitude  to  account  for  the  disaster. 
The  bottom  of  the  principal  shaft  was  filled  up  with  rubbish  in  con- 
sequence of  the  timber  which  supported  the  entrance  to  the  workings 
being  blown  away  by  the  explosion.  This  obstruction  has  not  yet 
been  removed  at  the  time  I  write,  and  the  workings  have  not  been 
entered,  nor  the  bodies  got  out.  I  had  visited  this  mine  several 
times  during  the  two  or  three  years  preceding  the  accident,  and  knew 
its  general  condition  well.  The  return  air  coming  from  the  working 
places,  and  therefore  filling  nearly  one-half  of  the  existing  open  space, 
contained  always  inore  than  2  per  cent,  of  fire-davyp.  In  this  respect 
it  did  not  materially  differ  from  the  return  air  of  most  of  the  steam 
€()al  collieries  in  the  district,  being  better  than  some  and  worse  than 
others.  If  there  had  been  no  coal-dust  present  I  should  have  con- 
sidered it  to  be  comparatively  safe.  As  it  was,  I  strongly  and 
repeatedly  urged  the  manager  to  water  the  roadways  so  as  to  keep 
them  always  damp  or  moist,  and  he  actually  had  two  water-carts  made 
for  that  purpose.  On  the  occasion  of  my  last  visit  before  the 
explosion,  however,  I  found  they  were  not  being  employed,  and  I  had 
no  power  to  enforce  my  views.  The  result  has  been  exactly  what 
might  have  been  anticipated,  and  what  is  liable  to  happen  any  day  in 
every  mine  similarly  circumstanced.     It  is  quite  plain  that,  with  2  per 

*  The  official  reports  are  not  jet  published,  and  in  some  cases  the  number  of 
men  killed  may  not  be  quite  correct,  as  they  are  taken  from  the  reports  in  the 
Times. 
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C'jnt.  of  fire-damp  in  the  return  air,  the  slightest  pnfE  of  a  local  fire- 
damp explosion,  or  of  a  blown-out  shot,  will  raise  sufficient  dust  to 
increase  the  amount  of  inflammable  matter  a  hundredfold,  and  prodace 
all  the  phenomena  that  have  been  observed  in  this  and  similar  caaes. 
liocked  safety  lamps  were  used,  and  shots  were  fired.  The  cause  of 
this  explosion,  like  that  of  the  preceding  ones,  will  in  all  probabilily 
never  be  ascertained. 

When  smoke  and  soot  are  produced ;  or  dust  is  ejected  from  the 
shafts ;  or  the  coal,  stone,  and  timber  have  a  charred  appearance,  due 
to  a  deposit  of  coked  coal-dust  on  their  surface ;  or,  lastly,  when  large 
superficies  of  the  sides  of  the  galleries  are  found  to  bo  on  fire  imme- 
diately after  the  event,  we  may  safely  conclude  that  coal-dnst  has 
played  an  important,  if  not  a  predominant,  part  in  the  explosion.  The 
manner  in  which  coal-dust  operates  in  setting  fire  to  coal  and  timber 
is  probably  as  follows : — The  air  is  travelling  rapidly  in  one  direction 
along  a  gallery,  throwing  a  continuous  shower  of  dust,  small  pieces 
of  coal.  <&c.,  against  all  surfaces  that  deflect  it  or  obstruct  its  course  \ 
at  the  instant  the  flame  traverses  it,  however,  the  coal-dust  is  melted  ; 
it  then  assumes  the  properties  of  flaming  pitch,  adheres  to  the  surfaces 
against  which  it  is  thrown,  and  rapidly  accumulates  until  it  forms  a 
crust  of  greater  or  less  thickness,  according  to  the  length  of  time  the 
air  continues  to  travel  in  the  same  direction.  If  it  is  thick  enough  to 
retain  its  high  temperature,  and  is  supplied  with  fresh  air  immediately, 
it  continues  to  bum,  and  the  flame  soon  communicates  itself  to  the 
body  of  the  coal  or  timber ;  but  if  it  is  thin,  or  if  the  surrounding- 
atmosphere  cannot  support  combustion,  it  becomes  extinguished.  In 
the  second  case,  the  surface  covered  with  the  crust  or  layer  of  coke 
is  vulgarly  said  to  be  charred. 

During  the  course  of  the  past  year  I  have  been  enabled  to  make  a 
considerable  number  of  experiments  with  mixtures  of  coal-dust,  air, 
and  fire-damp  ;  thanks  to  the  liberality  of  the  Lords  of  the  Committee 
of  Council  on  Education,  who  acted  upon  the  recommendation  of  the 
Government  Grant  Committee  in  affording  mo  pecuniary  aid ;  and 
thanks  also  to  the  kind  co-operation  of  Mr.  Archibald  Hood,  managing 
director  of  Llwynypia  Colliery,  and  his  two  sons,  Messrs.  Robert  and 
William  Hood,  whose  assistance  has  been  quite  invaluable  to  me.  The 
two  experiments  I  propose  now  to  descril^e  were  made  at  Llwynypia 
Colliery  with  the  coal-dust  and  fire-damp,  whose  analyses  are  given 
at  pp.  357  and  358  of  the  "  Proceedings,"  No.  168,  1876. 

In  order  to  test  the  truth  of  the  hypothesis  that  the  return  air  of  a 
mine  in  which  a  considerable  amount  of  fire-damp  is  emitted  by  the 
coal  may  be  rendered  inflammable  by  the  addition  of  coal-dust,  I  had 
an  apparatus  constructed  at  Llwynypia  Colliery,  and  placed  close  to 
the  ventilating  fan  in  such  a  position  that  a  current  of  the  return  air 
from  the  upcast  shafl  could  be  made  to  pass  through  it  at  pleasure. 
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Refeiring  to  fig.  1,  which  representB  the  whole  arrangemeiit,  e,  f,  g,  h 
is  the  chimney  of  a  Gnibal  fan,  through  which  all  the  air  from  the 


workings,  amonntiag  to  about  80,000  cubic  feet  per  minute,  is  ejected 
into  the  atmosphere,  a,  b,  e,d  ia  &  bent  pipe  partly  made  up  of  square 
wooden  boxes,  partly  of  round  sheet  iron  pipes  ;  at  the  end,  a,  it  over- 
haul's, and  partly  dips  into,  the  chimney  of  the  fan  ;  and  at  the  other 
tnd  the  part  e,  d,  runs  along  the  snrface  of  the  ground,  i  is  a  branch 
<>f  tlic  Clime  area  in  cross  section  as  the  other  wooden  parts  of  the 
apparatus ;  it  is  covered  on  the  lop,  bat  ia  proyided  with  a  hopper  I, 
having  a  wooden  plug  m,  through  which  coal-dnst  can  be  introduced, 
v  is  a  valve  by  means  of  which  the  velocity  of  the  current  oan  be 
regolated,  and  h  is  a  door. 

When  the  regulating  valve  is  fdU  open  a  strong  current  of  return 
air,  amounting  to  1,251  cubio  feet  per  minute,  passes  through  the  appa< 
ratus,  and  makes  its  escape  at  d.    This  ftir  is  not  only  saturated  with 
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water,  but  it  couliiiiis  in;iaun'i-al>it  globules  of  water  floating  iu  it.  Ou 
the  ^th  of  October  la^t  its  tempcmturc  was  Gd°''i  F.  Ao  oil  lamp, 
having  a  good  large  flame,  was  placet!  inside  the  door  ii,  eo  that  the 
flame  was  in  the  centre  of  the  current,  and  it  was  then  found  that  the 
temperature  of  the  air  had  increased  to  71°'&.  The  temperatnre, 
quantity,  and  quality  of  the  variotis  carrenta  of  retnm  air  in  this 
colliery  wore,  on  the  11th  of  April,  1878,  aa  followa: — 


D»te  upon  which 

tlie  obspPTfttion 
was  made. 

1 
Number :  Cubic  feet 

Temwtti- 
tUR>  Fabr. 

Hoisht  of 
capon 
.mall 
aame. 

1878. 
April  11 

1        1     10,128 
H       1     21,000 
S       1      M,421 

74" 
73° 

Inch. 

t 

Sp.TMnt. 
2t     "       ! 

I    ?M4e 

i 

The  elevation  of  t«mperature  dne  to  placing  the  lamp  inside  the 
apparatus  is,  therefore,  not  abnormal.  The  hopper  having  been  filled 
with  coal-dust  the  ping  was  raised  somewhat  and  Btirrej.  about  so  as 
to  detcnnine  the  entry  of  dast  into  the  chamber  k.  The  immediate 
result  was  the  appearance  of  a  large  and  very  hot  red  flame  at  the 
mouth  of  the  pipe  d.  The  length  of  the  visible  part  of  the  Same 
varied  from  6  to  8  feet,  and  its  greatest  diameter  from  2  to  2^  feet ; 
and  it  was  accompanied  by  largo  voinmee  of  black  emoke  and  dust. 
The  pipe  d  Boon  became  so  hot  that  it  could  not  be  approached  closely. 

The  second  experiment  is  intended  to  illustrate  the  effects  of  nn 
explosion  of  tire-damp  in  a  dry  miuo  containing  coal-dust.  One  part 
of  the  apparatus  represents  a  gallery  with  coal-dnst  lying  on  its  floor 
as  well  as  on  the  horizontal  timbers,  the  bnildings,  and  other  rough 
surfaces  at  its  top  and  sides  ;  another  part  represents  a  cavity  in  the 
roof  coiLtaining  an  explosivo  mixture  of  fire-damp  and  air.  When  the 
explosive  gas  ia  ignited  the  flame  sweeps  down  into  the  gallery,  tho 
disturbance  raises  the  coal-dust  and  the  results  aru  exactly  those  that 
have  been  foreseen.     Figs.  2  to  C  show  all  that  is  necessary  for  under* 
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standing  tlie  apparatus  and  the  experimeDt.  In  all  the  figares,  A  repre- 
sents the  cavity  in  the  roof :  it  is  a  galvanized  shect-iroa  cylinder, 

I  ft'ut  long  by  lo  inches  in  diameter,  covered  at  the  top  and  open  at 
ilie  bottom.  There  ia  a  staffing-boi  in  its  cover  which  allows  a  thin 
spindle  to  paaB  through  it  in  an  air-tight  manner.  At  ite  lower  end 
the   spindle  carriea  a  fan  which   coneista   of  a   thin  metallic   disk 

II  inches  in  diameter,  having  a  hole  4  inches  in  diameter  in  its 
centre,  and  with  radial  blades  1^  inches  high  on  ita  npper  aarface. 
When  the  fan  revolves,  the  blades,  which  are  ue&rly  toaching 
tliu  cover  of  the  cylinder,  throw  ont  tfae  air  oentrifagallj  and  draw  in 
new  Rnppliea  throagb  the  bola  in  the  disk.     Immediately  below  the 
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hole  in  the  disk,  and  concentric  with  it,  there  is  a  thin  sheet-iron  pipe 
4  inches  in  diameter,  whose  upper  end  almost  touches  the  disk  while 
its  lower  end  descends  to  within  4  or  5  inches  of  the  bottom  of  the 
cylinder.  When  the  fan  is  made  to  revolve  rapidly,  the  air  passes  up 
through  the  central  pipe  with  a  velocity  of  460  feet  per  minute.  At 
its  upper  end  the  spindle  carries  a  small  grooved  pulley,  </,  which  is 
made  to  revolve  by  means  of  an  endless  cord  passing  round  it  and  over 
another  large  grooved  driving  wheel  D.  The  lower  end  of  the 
cylinder  rests  on  an  iron  ring  screwed  down  to  the  top  of  the  wooden 
gallery  BC,  in  which  there  is  an  opening  corresponding  to  the  size  of 
the  cylinder.  The  cylinder  is  attached  to  one  side  of  the  iron  ring  by 
a  hinge  which  allows  it  to  be  folded  back  into  the  position  shown  in 
fig.  4.  At  the  other  side  it  can  be  fastened  by  a  screw  in  an  upright 
position  as  shown  in  the  other  figures. 

The  gallery  BC,  consists  of  a  range  of  wooden  pipes  14  inches 
square  inside,  and,  altogether,  79^  feet  long«  The  centre  of  the 
cylinder  A  is  5  feet  from  the  end  B,  and  there  is  a  valve  just  below 
the  point  6,  by  means  of  which  the  part  of  the  gallery  towards  B  can 
be  isolated  from  the  remainder.  The  separate  pipes  have  broad  wooden 
flanges  which  are  put  close  together  when  they  are  placed  so  as  to  form 
a  gallery,  but  they  are  not  fastened  to  each  other  in  any  way ;  they  re?t 
on  wooden  blocks  a  a,  and  any  one  of  them  can  be  drawn  out  from 
between  the  two  on  each  side  without  disturbing  the  others.  This  is 
shown  by  the  dotted  lines  in  fig.  64  Near  the  end  B  there  is  a  sheet- 
iron  cylinder  3  feet  long  by  10  inches  in  diameter,  closed  at  each  end, 
and  having  an  inlet  pipe  for  steam  at  q,  and  an  outlet  pipe  at  t  for 
condensed  water  and  steam.  At  the  same  end  also  there  is  a  branch 
^>  /»  9i  leading  to  K,  which  is  the  horizontal  part  d  c,  of  the  apparatus 
represented  in  fig.  1.  This  branch  is  also  connected  with  a  blowing 
fan  F,  driven  by  a  steam  turbine  of  which  I  and  h  are  the  steam  and 
exhaust  pipes.  The  pipe  bringing  fire-damp  from  below  ground, 
referred  to  in  my  former  paper,  can  be  made  to  deliver  its  fire-damp 
into  the  air  inlets  of  the  fan  in  the  same  way  as  in  the  former  experi- 
ments. It  will  now  be  evident  that  currents  of  air  of  various  qualities 
can  be  made  to  traverse  the  gallery  B  C  from  B  towards  C.  Thus, 
if  the  valve  8  is  open,  while  the  valve  s  is  shut,  the  return  air  of 
the  upcast  shaft  passes  through  the  apparatus  and  escapes  at  C ;  but 
if  8  is  open  and  s  is  shut,  the  return  air  is  cut  off*,  and  by  setting  the 
fan  F  in  motion,  we  obtain  either  pure  air,  or  air  and  fire-damp  mixed, 
as  we  may  desire.  In  every  case,  also,  the  air  passes  over,  and  is 
heated  by,  the  steam  cylinder  jp,  so  that,  even  when  return  ayr  is  used, 
the  interior  of  the  gallery  CD  can  be  kept  dry. 

The  interior  of  the  cylinder  A  is  lined  with  wood  about  '2  inch  thick, 
and  its  capacity  is  about  4*648  cubic  feet.  For  the  purpose  of  obtaining 
the  explosive  mixture  required,  the  cylinder  E,  8  inches  in  diameter. 
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and  2  feet  long,  is  filled  with  fire-damp,  of  which  a  certain  measured 
proportion  is  afterwards  transferred  to  the  interior  of  the  cylinder  A 
through  the  india-rubber  tube  r  n.  This  is  done  by  admitting  water 
through  an  india-rubber  pipe  attached  at  the  point  O.  At  the  same 
time  as  the  gas  is  flowing  in  at  the  top  of  the  cylinder  A,  air  is  allowed 
to  escape  at  the  point  h  near  its  bottom  by  taking  out  a  plug  for  that 
purpose.  The  plug  is  put  in  immediately  after  the  operation  is  com- 
pleted. The  amount  of  fire-damp  employed  is  as  near  as  may  be  '456 
cubic  foot.  The  cylinder  E  is  refilled  with  fire-damp  by  shutting  a 
stop-cock  at  ?i,  opening  another  at  m,  which  is  connected  with  the 
fire-damp  pipe  by  means  of  an  india-rubber  tube  not  shown  in  the 
drawing,  and  lowering  the  water  bucket  below  the  level  of  the  bottom 
of  the  cylinder  E.  Before  the  fire-damp  is  admitted  to  the  interior  of 
the  cylinder  A,  a  paper  diaphragm  is  inserted  between  its  lower  end 
and  the  ring  to  which  it  is  hinged  and  screwed,  so  as  to  isolate  it  from 
the  gallery  BC.  The  explosive  mixture  in  the  cylinder  A  is  ignited 
by  the  spark  of  a  powerful  magneto-electric  machine  which  Messrs, 
Cross  Brothers,  of  Cardiff,  most  kindly  lent  to  me  for  the  purposes 
of  these  experiments.  The  wires  pass  through  the  plug  at  h,  and 
are  brought  together  just  inside  the  cylinder. 

The  method  of  forming  an  explosive  mixture  in  the  cylinder  A,  will 
now  be  sufficiently  plain,  but  I  will  repeat  the  description  of  the  opera- 
tions in  regular  order.  When  the  cylinder  is  in  the  position  shown 
in  fig.  4,  several  sheets  of  paper  are  laid  over  the  opening  in  the  top 
of  the  gallery ;  the  cylinder  is  then  raised  to  an  upright  position 
and  fastened  by  means  of  the  screw.  The  plug  h  is  opened  and 
fire-damp  is  made  to  flow  through  the  pipe  r  n,  displacing  a  corre- 
sponding volume  of  air  which  escapes  at  6.  As  soon  as  the  requisite 
volume  of  gas  has  been  obtained  the  cock  r  is  shut  and  the  plug  h  is 
replaced.  The  driving  wheel  D  is  next  made  to  revolve  at  the  rate  of 
about  eighty  turns  per  minute;  twenty-five  or  thirty  turns  being 
found  quite  sufficient  to  make  a  perfect  mixture ;  and,  thereafter,  a 
spark  from  the  magneto-electric  machine  causes  the  explosion. 

When  there  is  no  coal-dust  in  the  gallery  BC,  the  flame  of  the 
fire-damp  explosion  does  not  extend  further  than  from  7  to  9  feet 
from  the  bottom  of  the  cylinder  A.  It  should  be  understood  that  the 
valve  at  h  is  always  closed  just  before  the  spark  is  passed. 

When  the  gallery  contains  coal-dust,  on  the  other  hand,  scattered 
along  its  floor,  and  lying  on  a  few  shelves,  whose  position  will  be 
given  immediately,  and  when  it  is  filled  with  the  return  air  of  the 
upcast  shaft,  the  flame  of  the  explosion  traverses  .its  whole  length, 
and  shoots  out  into  the  air  at  the  end  of  C,  to  distances  varying  from 
from  4  to  15  feet  beyond  it.  At  first,  it  appeared  to  me  that  the 
wooden  gallery  might  be  prolonged  indefinitely  with  the  same  result ; 
but  on  adding  another  pipe  at  the  end  of  C,  I  was  surprised  to  find 
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that  I  could  not,  by  any  possibility,  get  the  flame  to  travel  more  than 
one -half  or  two-thirds  of  the  former  distance,  and  I  came  to  the 
conclusion  that  the  initial  impulse,  which  raises  the  coal-dusty  is 
insufficient  to  overcome  the  resistance  under  the  altered  conditioiiB. 
Again,  I  had  60  feet  of  nearly  air-tight  pipe  prepared,  thinking 
thereby  to  prevent  the  energy  of  the  wave  created  by  the  fire-damp 
explosion  from  being  dissipated ;  but  here,  once  more,  I  found  that 
it  was  impossible  to  get  the  flame  to  travel  to  a  distance  of  more  than 
30  or  40  feet  from  the  origin,  and  in  this  case  I  concluded  that  the 
expanded  part  of  the  wave  extinguished  the  flame  of  the  coal-dust. 
The  best  results  were  obtained  when  the  wooden  pipes  had  open  seaniR 
along  the  junction  of  the  boards  of  which  they  are  formed. 

At  the  beginning  of  the  present  month  (March,  1879),  Professor 
G.  G.  Stokes,  F.B.S.,  communicated  to  me  the  suggestion  that  if  a 
weak  solution  of  chloride  of  calcium  were  used  for  watering  the  road- 
ways of  mines,  instead  of  ordinary  water,  the  deliquescent  salt  would 
tend  to  retard  evaporation,  and  a  smaller  quantity  of  water  would 
serve  the  purpose  of  keeping  the  workings  damp.  Accordingly,  I 
have  begun  an  experiment  with  such  a  solution  in  a  dry  mine,  but 
it  is  not  yet  sufficiently  advanced  to  enable  me  to  state  any  results  in 
the  present  paper. 

The  temperature  of  the  air  current  passing  along  the  gallery  varied 
from  74°  F.  near  the  explosion-cylinder  to  60°  at  the  end  C.  The 
wooden  shelves  spoken  of  above  were  in  sets  of  three  (one  above  the 
other  at  equal  distances)  the  shelves  themselves  being  about  6  inches 
broad.  One  set  was  placed  at  each  of  the  points  x ,  fig.  6 ;  and  a 
brick  was  placed  so  as  to  obstruct  the  passage  below  the  lowest  shelf 
of  the  first,  third,  and  fourth  sets  for  the  purpose  of  causing  the  foi^ce 
of  the  explosion  to  exert  itself  more  powerfully  in  sweeping  the  dust 
off  the  shelves  and  mixing  it  with  the  air. 

The  arrangements  whereby  pure  air,  or  pure  air  and  fire-damp, 
can  be  employed,  were  only  completed  before  the  weather  became 
unsuitable  for  continuing  the  experiments,  which,  I  need  hardly  saj, 
are  made  in  the  open  air.  1  obtained  sufficient  results,  however,  to 
show  that  the  absence  of  even  the  small  proportion  of  fire-damp 
contained  in  the  return  air  of  Llyrynypia  Colliery,  makes  a  great 
difference  in  the  force  of  the  explosion  and  the  distance  to  which  the 
flame  will  tmvel  along  the  gallery.  I  found,  also,  that  when  two 
per  cent,  of  fire-damp  was  added  to  the  current  of  pure  air  entering 
the  fan  F,  even  better  results  were  obtained  than  with  the  return  air 
of  the  mine. 

Although  this  apparatus  appears  to  be  on  too  small  a  scale  to 
solve  the  coal-dust  question  unequivocally,  1  think  the  results  obtained 
with  it  are  sufficiently  conclusive  to  enable  us  to  affirm,  that  a  fire- 
damp explosion,  occurring  in  a  dry   coal  mine,  is  liable  to  be  in- 
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definitely   extended   by  the   mixture  of   air  and  ooal-dnst   produced 
by  the  disturbance  which  it  initiates. 

The  dangers  due  to  the  prepence  of  coal-dust  in  dry  mines  can  bt" 
very  easily  avoided  by  sprinkling  water  plentifully  on  the  principal 
roadways  along  which  the  air  currents  pass,  in  going  to,  and  coming 
from,  the  working  places.  For  example,  Llwynypia  Colliery,  which 
was  formerly  one  of  the  driest  and  most  dusty  of  the  mines  in  the  South 
Wales  basin,  is  now  kept  constantly  damp  or  wet  in  this  way  with  a 
daily  expenditure  of  about  1,800  gallons  of  water.  The  amount  of 
air  passing  through  it  at  present  is  over  80,000  cubic  feet  per  minute, 
and  its  out-put  of  coal  is,  on  the  average,  about  800  tons  per  day. 


[II.  "The  Contact  Theory  of  Voltaic  Action."  No.  III.  By 
Professors  W.  E.  Ayrton  and  John  Perry.  Communi- 
cated by  Dr.  C.  W.  SIEMENS,  F.R.S.  Received  February  19, 
1879. 

(Abstract.) 

The  authors  commence  by  referring  to  the  experiments  that  had 
been  made  prior  to  1876,  on  the  difference  of  potentials  of  a  solid  in 
contact  with  a  liquid,  and  of  two  liquids  in  contact  with  one  another, 
and  they  point  out  that : — 

1.  The  earlier  experiments  were  not  carried  out  with  apparatus  sus- 
ceptible of  giving  accurate  results. 

2.  Owing  to  the  incompleteness  of  the  apparatus  assumptions  had 
to  be  made  not  justified  by  the  experiments. 

3.  No  direct  experiments  had  been  performed  to  determine  the 
difference  of  potential  of  two  liquids  in  contact,  with  the  exception  of 
a  few  by  Kohlrausch,  using  a  method  which  appeared  to  the  authors 
quite  inadmissible  as  regards  accuracy  of  result. 

In  consequence  of  this  great  vagueness  existed  as  to  whether  the  con- 
tact difference  of  potentials  between  two  substances,  when  one  or  both 
were  liquids,  was  a  constant  depending  only  on  the  substances  and  the 
temperature,  or  whether  it  was  a  variable  dependent  upon  what  other 
substance  was  in  contact  with  either.  Some  authorities  regarded  it  as 
a  variable.  Gerland  considered  he  had  proved  it  to  be  a  constant,  but 
first,  the  agreement  of  the  value  of  the  electromotive  force  of  each  of 
I  lis  cells  with  the  algebraical  sum  of  the  separate  differences  of 
potential  at  the  various  surfaces  of  separation,  and  which  was  the  test 
of  the  accuracy  of  his  theory,  was  so  striking,  and  so  much  greater 
than  polarisation,  &c.,  usually  allows  one  to  obtain  in  experiments  of 
such  delicacy,  that  one  could  not  help  feeling  doubtful  regarding  h\B 
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<;oncliisioiis ;  secondly,  his  apparatus  did  not  allow  of  his  experimenting 
with  two  liquids  in  contact,  consequently  he  could  not  legitimatelj 
draw  any  conclusion  in  this  latter  case.  And  although  Kohlransch 
had  made  some  few  experiments  on  the  difference  of  potentials  of 
liquids  in  contact,  still  since  he  employed  moist  hlotting  paper  snr&uses 
instead  of  the  surfaces  of  the  liquids  themselves,  the  authors  considered 
for  that  reason  alone,  if  for  no  other,  that  his  results  did  not  carry  the 
conviction  the  distinguished  position  of  the  experimenter  might  have 
led  them  to  anticipate. 

They  therefore  designed  a  method  and  an  apparatus  for  carrying  it 
out,  by  means  of  which  they  could  measure  the  difference  of  potentials 
in  volts  at  each  separate  contact  of  dissimilar  substances  in  the 
ordinary  galvanic  cells,  from  which  they  could  ascertain  whether  the 
algebraical  sum  of  all  the  contact  differences  of  potential  was,  or  was 
not,  equal  to  the  electromotive  force  of  the  particular  cell  in  question. 
From  the  results  they  obtained,  and  which  are  given  in  Papers  Nos.  I 
and  II,  "  Proc.  Roy.  Soc,"  No.  186,  1878,  they  concluded  within  the 

limits  of  their  experiments  that  if  AB,  BC,  CD,  &c.,  were  the  con- 
tact differences  of  potential  measured  separately  of  the  substances  A 
in  contact  with  2?,  B  in  contact  with  0,  &c.,  then,  any  one  or  more  of 
the  substances  being  solid  or  liquid,  if  any  number  A,  ByC'-^'-K 
were  joined  together,  and  the  electromotive  force  of  the  combination 
AK,  measured,  the  following  equation  was  found  true : — 


AK=AB  +  BC+CD+ +  JK, 

which  proved  that  each  snr&<;e  of  separation  produced  its  effect  inde- 
pendently of  any  other. 

Their  method  by  which  any  single  contact  difference  of  poten- 
tials was  measured  was  as  follows: — Let  3  and  4  be  two  insulated 
gilt  brass  plates  connected  with  the  electrodes  of  a  delicate  quad- 
rant electrometer.  Let  1  under  3,  and  2  under  4  be  the  surfaces 
whose  contact  difference  of  potential  is  to  be  measured;  3  and  4 
are  first  connected  together  and  then  insulated,  but  remain  con- 
nected with  their  respective  electrometer  quadrants.  Now  1  and 
2  are  made  to  change  places  with  one  another,  1  being  now  under 
4  and  2  under  3,  then  the  deflection  of  the  electrometer  needle 
will  give  a  measure  of  the  difference  of  potentials  between  1  and  2  ; 
and  in  the  present  paper  it  is  proved  that  in  order  that  the  observed 
difference  of  potentials  in  the  electrometer  quadrants  shall  be  pro- 
portional to  the  contact  difference  of  potentials  desired  to  be  measured, 
either  there  must  be  perfect  symmetry  in  the  induction  apparatus 
before  and  after  reversal  of  1  and  2,  a  condition  very  difficult  to  be 
obtained,  or  else  the  plates  3  and  4  must,  in  addition  to  being  connected 
together,  be  also  put  to  earth,  or  reduced  to  zero  potential,  before 
each  reversal,  and  also  the  mean  potential  of  the  substance  under  test 
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must  be  kept  as  low  as  possible,  conditions  that  were  always  carefully 
observed  in  the  experiments. 

The  apparatus  employed  by  the  authors  in  tte  present  investigation 
is  then  explained  in  detail,  and  it  is  shown  how,  by  improving  on  theii* 
earlier  form,  they  have  removed  a  difficulty  which  formerly  existed, 
and  which  prevented  their  previously  experimenting  on  pairs  of  sub- 
stances having  very  difEerent  weights,  such  as  a  vessel  of  mercury  and 
a  sheet  of  metal.  The  method  of  making  the  permanent  and  temporary 
adjustments,  the  tests  for  leakage,  the  experimental  mode  adopted  of 
compensating  the  error  arising  from  defects  in  parallelism  of  the 
apparatus  affecting  the  results  obtained  from  two  rigid  surfaces  (as 
that  of  copper  and  zinc)  differently  from  the  result  found  with  one  or 
with  two  liquid  surfaces  under  test  are  then  described,  as  well  as  the 
<letail8  of  a  complete  experiment  and  the  precautions  adopted  to  obtain 
clean  metallic  surfaces. 

The  authors  explain  that  the  results  they  have  obtained  in  this 
investigation  have  divided  themselves  into  three  groups : — 

1st.  The  contact  difference  of  potentials  of  metals  and  liquids  at 
the  same  temperature. 

2nd.  The  contact  difference  of  potentials  of  metals  and  liquids  when 
one  of  the  substances  is  at  a  different  temperature  from  the  other  in 
contact  with  it,  for  example,  mercury  at  20°  C.  in  contact  with  mercury 
at  40°  C. 

3rd.  The  contact  difference  of  potentials  of  carbon  and  platinum 
with  water,  and  with  weak  and  with  strong  sulphuric  acid  ; 
but  that  they  give  only  the  results  under  head  No.  1  in  the  present 
communication,  reserving  those  they  have  obtained  under  heads  Nos.  2 
and  3  for  a  future  occasion. 

Then  follow  arranged  in  the  order  in  which  they  were  obtained 
from  January  to  May,  1878,  some  150  results  of  experiments  (each 
number  being  on  the  average  the  mean  of  eight  observations),  repre- 
senting the  contact  differences  of  potential  of  nine  solids  and  twenty- 
one  liquids.  They  explain  that  the  numbers  given  are  those  to  which 
alone  they  attach  importance  ;  but  that  in  consequence  of  much  time 
having  in  such  delicate  experiments  to  be  spent  in  obtaining  measure- 
ments, whicli  are  often  found  out  to  be  wrong,  a  considerable  number 
of  results  have  been  rejected,  and  are  not  mentioned  in  the  paper,  and 
that  this,  therefore,  explains  why  in  some  cases  one  measurement  only 
is  apparently  the  result  of  a  whole  day's  work.  These  remarks 
esi)ecially  apply  to  the  authors'  attempts  to  measure  the  contact 
difference  of  potentials  between  a  liquid  and  a  paste,  for  example, 
mercury  and  mercurous  sulphate  paste ;  great  difficulty  being  intro- 
duced by  the  extremely  thin  layer  of  water  on  the  surface  of  the 
paste  acting  inductively  instead  of  the  paste  itself.  They  mention 
that  this  difficulty  is  a  very  good  example  of  the  inaccuracies  that 
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must   have  been  introduced  by    former  experimenters  using  a  moist 
blotting-paper  surface  instead  of  the  surface  of  the  liquid  itself. 

A  large  number  of  discordant  results  were  obtained  in  March,  1878, 
and  their  explanation  led  to  the  interesting  result  that  the  apparent 
contact  difference  of  potentials  between  a  metal  and  mercmy,  as 
measured  inductively,  varied  much  with  small  additions  of  tempera- 
ture. The  accidental  difference  of  temperature  in  the  different  ex- 
periments arose  from  the  mercury  having  been  redistilled  in  the 
laboratory  between  every  two  experiments  to  remove  all  possible  tracea 
of  impurities,  and  probably  in  some  cases  it  had  not  become  perfectly 
cold  before  a  new  experiment  was  made.  The  investigation  of  thia 
apparent  change,  of  contact  difference  of  potentials  with  temperature 
led  to  a  consideration  of  the  contact  difference  of  temperature  of 
mercury  with  air,  since,  of  course,  in  all  these  inductive  experimenta 
two  air  contacts  are  included  in  the  result.  The  results  thus  obtained 
will  form  part  of  the  substance  of  the  next  paper. 

Next  follow  a  number  of  checks  of  the  accuracy  of  the  results 
based  on  the  well  known  law  that  in  any  compound  metallic  circuit  at 
uniform  temperature  there  is  no  electromotive  force.  This  is  followed 
by  some  considerations  regarding  the  measurement  of  the  difference  of 
potentials  between  substances  and  the  air  in  contact  with  them,  and  of 
measurements  of  the  Peltier  effect. 

It  has  usually  been  thought  that  the  differences  of  potential  of  liquids 
in  contact  with  one  another  were  so  small  as  to  be  almost  inappreciable 
in  comparison  with  the  differences  of  potential  of  metals  in  contact ; 
but  the  authors  have  ascertained,  among  other  results,  that  strong* 
sulphuric  acid  in  contact  with  distilled  water,  solutions  of  alum,  copper 
sulphate,  and  zinc  sulphate  has  a  measured  difference  of  potentials  of 
1*3  to  1*7  volts,  an  electromotive  force  more  than  twice  as  high  as  that 
of  zinc  and  copper  in  contact.  And  hence  the  importance  of  an 
apparatus  that  can  directly  measure  the  difference  of  potentials  of  two 
liquids. 


March  20,  1879. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 
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L  "Note  on  some  Spectral  Phenomena  observed  in  the  Arc 
produced  by  a  Siemens'  Machine."  By  J.  NORMAN 
LocKYER,  F.R.S.     Received  March  3,  1879. 

In  continaation  of  my  work  on  the  spectra  of  metallic  vapours  pho- 
tographed -when  incandescent  in  the  electric  arc,  I  have  recently 
employed  a  Siemens'  dynamo-electric  machine  driven  by  a  gas  engine 
of  ten  horse -power,  using  an  effective  force  of  five  or  six. 

The  greatly  increased  length  of  arc  obtained  by  these  means  has 
enabled  me  to  observe  and  photograph  a  new  set  of  phenomena  of 
great  beauty,  and  I  think  of  the  highest  theoretical  importance. 

In  my  former  work  with  a  battery  of  thirty  cells,  in  order  to  obtain 
the  lengths  of  the  lines,  it  was  necessary,  in  consequence  of  the  short- 
ness of  the  arc,  to  throw  an  image  of  a  horizontal  arc  on  the  vertical 
slit  of  the  spectroscope.  In  this  manner  perfectly  symmetrical  photo- 
graphs were  obtained,  the  shortest  lines  due  to  the  core,  and  the 
middle  portions  of  the  longest  ones  proceeding  both  &om  the  core  and 
the  exterior  portion,  lying  in  the  axis  of  the  photograph. 

With  the  Siemens'  machine  the  arc  is  not  only  much  longer,  hot 
when  some  substances  are  introduced  into  it,  it  is  accompanied  by  a 
flame  sometimes  three  or  four  inches  long,  of  great  complexity  both 
with  regard  to  colour  and  concentric  envelopes. 

The  spectrum  of  this  flame  was  first  photographed  side  by  side  with 
that  of  the  arc  itself,  and  when  the  poles  are  clean  the  flame  has  been 
shown  by  eye  observation  to  be  chiefly  due  to  the  oxidation  of  the 
carbon  and  calcium  vapours  which  exist  in  the  free  state  in  the  air, 
thus  giving  us  absolute  demonstration  of  a  combination  brought  about 
among  vapours  by  reduction  of  temperature. 

These  flame  phenomena  also  give  us  an  opportunity  of  observing 
the  inverse  appearance  of  spectral  lines,  to  which  my  attention  has 
lately  been  much  drawn.  The  following  is  a  case  in  point : — In  one 
photograph  of  the  flame  given  by  manganese  the  line  at  wave-length 
4234*5  occurs  without  the  triplet  near  wave-length  4030,  while  in 
another  photograph  the  triplet  is  present  without  the  line  at  4234*5. 

The  various  phenomena  presented  in  these  photographs,  especially 
the  greater  breadth  of  the  reversals  in  the  case  of  some  of  the  metallic 
lines  in  the  flame,  and  the  gradual  introduction  of  new  spectra,  led 
me  to  imagine  that  in  different  regions  of  the  arc  itself  the  spectroscopio 
effects  might  vary  greatly ;  and  to  test  this  I  very  carefully  projected 
the  image  of  a  vertical  arc  on  the  slit,  focussing  that  particular 
light  which  I  was  about  to  photograph. 

In  the  plates  thus  obtained  the  spectra  of  those  portions  of  the  arc 
adjacent  to  the  positive  and  negative  poles  are  widely  dissimilar. 
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♦  We  may  say,  roughly,  that  the  carlwns  employed  give  a  spectrum 
con  taming  the  flutings  of  carbon  and  the  lines  of  calcium,  some  of 
them  reversed,  as  I  have  shown  many  years  ago,  both  in  the  case  of 
this  and  other  substances. 

In  the  photographs  of  the  arc  taken  under  the  conditions  I  Haire 
stated,  the  calcium  lines  cling  to  one  pole  and  the  carbon  flutings  to 
the  other ;  the  lines  which  reverse  themselves  in  the  case  of  calcium 
being  those  which  have  their  intensity  most  pronounced  close  to  the 
pole.  That  this  is  a  phenomenon  not  dependent  upon  the  chemical 
constitution  of  the  two  poles,  but  rather  on  some  electrical  separation, 
is  rendered  evident  by  the  fact  that  on  changing  the  direction  of  the 
current  the  calcium  and  carbon  spectra  change  positions. 

Although  these  phenomena  are  very  marked  in  the  photogprapbio 
region,  as  is  evidenced  by  the  photographs  which  I  submit  to  tbe 
Society,  they  yet  appear  more  strongly  developed  in  the  less  refran- 
gible regions.  The  exquisite  carbon  flutings  in  the  yellow-green, 
for  instance,  cling  more  closely  to  the  pole  than  those  in  the  violet. 

So  much  for  the  spectrum  of  the  poles  themselves. 

If  now  we  introduce  a  metal  and  observe  its  vapour,  we  find  a  per- 
fectly new  set  of  phenomena.  We  get  long  and  short  lines,  but  the 
law  which  they  obey  is  no  longer  the  one  in  operation  when  the  parts 
of  the  arc  examined  are  symmetrical  with  reference  to  the  positive 
and  negative  poles  as  when  a  horizontal  arc  is  employed. 

Some  lines  stretch  across  the  spectrum  with  their  intensities 
greatest  close  to  one  pole,  while  other  lines  invisible  at  this  pole  are 
most  intense  at  the  other.  In  erne  pliotography  far  instayice,  the  blue 
line  of  calcium  is  visible  aloiie  at  one  pole,  the  H  and  K  lines  without  the 
blue  lines  at  the  other. 

m 

More  than  this,  there  is  a  progression  of  lines,  so  to  speak,  from 
pole  to  pole.     They  lie  en  echelon  along  the  spectrum. 

In  the  case  of  other  lines,  only  the  central  region  is  occupied,  the  line 
being  enormously  distended  either  like  a  spindle  or  a  half -spindle,  with 
the  bulging  portion  in  some  cases  on  the  more,  in  others  on  the  less, 
refrangible  side. 

It  is  very  difficult  to  understand  what  process  is  here  at  work  if  we 
are  not  in  presence  of  separations  brought  about  by  temperature  and 
electricity. 

However  this  may  be,  a  most  convenient  method  is  afforded  of 
separating  basic  from  non-basic  lines.  I  have  already,  in  previous 
communications,  referred  to  the  repetition  of  doublets  in  some  spectra, 
and  of  triplets  in  others ;  and  it  often  happens  that  one  member  of  a 
doublet  or  triple  gpx)up  is  basic.  The  wide  iron  triplet  near  G,  to 
which  I  referred  in  my  communication  read  on  the  12th  December, 
has  its  central  member  basic  with  calcium ;  and  this  is  most  beautifully 
shown  by  the  extension  of  the  iron  triplet  right  across  the  arc,  while 
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the  central  member  alone  is  thickened  along  with  the  other  calckim 
lines  on  one  of  the  poles. 


LIST  OF  PHOTOGRAPHS  EXHIBITED. 

Photograph  of  Mn  lengths  t^iken  in  the  old  way,  showing  that  with  a  batteiy  of 
30  GroTe  cella  and  a  horizontal  arc  a  perfectly  symmetrical  photograpli 
was  obtained  with  the  lines  extending  equally  on  either  side  of  a  hori- 
zontal ink  line  drawn  through  the  axis  of  the  photogfruph. 

Photographs  of  Ba,  Sr,  and  Mn,  giving  in  each  case  the  spectrum  of  the  core  compared 
with  that  of  the  flame  of  the  arc. 
I.  Ba,  showing  that  of  two  lines   (ware-length  4130*5  and  4282'5)  of 
equal  intensity  in  the  core,  the  less  refrangible  was  visible  almost  alone 
in  the  flame. 
II.  Sr,  showing  two  Unes  at  4078*5  and  4215*3.      In  the  core  the  more 
refrangible  has  a  much  broa<ler  reTcrsal  than  the  other,  while  in  the 
flame  the  less  refrangible  exist-s  alone  and  rcTcrsed. 
Ill  and  IV.  Mn,  in  the  flame-spectrum  of  one  of  these  photographs  the 
triplet   at  about  40300  exists  with  no  other  Mn  lines;    while  it  is 
absent  from  the  flame-spectrum  of  the  other  photograph,  although  the 
Mn  line  at  423 i'8  is  present. 

Photograph  of  flame-spectrum  of  Ca  taken  with  an  oblique  slit,  as  the  flame  nearly 
always  branches  oft  at  an  angle. 

Spectrum  of  Rb,  showing  that  the  carbon  bands  cling  to  the  hotter  pole,  while  the 
Ca  and  Rb  lines  cling  to  the  opposite  pole ;  one  set  of  carbon  bands, 
however,  stretches  right  across  the  spectrum. 

Two  photographs  showing  reversal  of  phenomena  by  reversing  the  current. 

I.  Two  8|>eetra  of  Pb,  obtained  by  normal  current  and  reversed  current, 
showing  that  the  lines  which,  in  the  upper  spectrum  were  thickened  at 
their  lower  extremities,  were  in  the  lower  spectrum  thickened  at  their 
upper  extremities,  and  that  the  general  appearance  of  the  two  sets  of 
lines  was  reversed. 
II.  Two  sjMJctra  of  Cu  showing  the  same  phenomena. 

Spectrum  of  Mn  obtained  with  the  large  arc  of  a  Siemens'  machine,  in  which  the 
want  of  symmetry  is  so  conspicuous  that  if  a  straight  line  be  drawn 
through  the  centre  of  the  photograph  it  will  cut  one  set  of  lines  at  their 
centres,  another  near  their  upper  extremities,  while  a  third  set  of  lines 
will  be  cut  near  their  lower  extremities. 

riiotographs  showing  separation  of  lines. 

I.  Spectrum  of  Li  containing  impurity  lines  of  Ca,  Sr,  Fe,  and  Mn,  the  Ca 

and  Mn  lines  clinging  to  one  pole,  and  the  Fe  and  Sr  lines  to  the  other. 

II  and  III.  Different  parts  of  Fe  spectrum,  showing  Ca  lines  starting  from 

one  pole,  and  Fe  lines  from  the  other. 
IV.  Spectrum  of  Cu,  showing  that  this  separation  can  exist  not  only  between 
two  metals,  but  even  between  lines  of  the  same  metal.     In  this  the  blue 
Ca  line  is  seen  thickened  at  the  upper  pole,  while  the  H  and  £  liues 
were  only  seen  at  the  lower  pole. 

Spectra  of  Ti,  Ni,  and  Mn,  in  which  the  lines  were  not  all  produced  at  the  two 
poles,  some  occupying  an  intermediate)  position ;  the  lines  thus  arranging 
themselves  en  ichelon  along  the  spectrum. 

S|x?ctra  of  Cu  and  Ni,  showing  the  irregular  thickening  of  different  lines  at  different 
levels  of  the  arc. 
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Photographs  of  the  spectra  of  Sr,  Cu,  and  Mg,  showing  central  thickening. 

I.  Sr,  containing  two  lines,  one  Ba  showing  very  little  thickening,  while 
the  other  true  Sr  line  exists  only  at  the  centre  as  a  broad,  flufflj  rerened 
line. 
II.  Cu,  all  the  Cu  lines  in  this  photograph  haye  their  central  portions  ex- 
panded, and  most  of  them  to  u  greater  extent  on  the  less  than  on  the 
more  refrangible  side.  Some  of  the  Fe  lines  haye  also  their  centres  ex- 
panded, which  is  not  the  case  with  the  Ca  lines,  the  Ca  lines  in  the  blue 
being  dereloped  at  their  extremities, 
m.  Mg,  showing  line  in  the  blue-green,  with  a  central  expansion  on  the  less 
refrangible  side,  giving  the  Unc  the  appearance  of  a  half  spindle,  h 
being  quite  normal. 

Spectrum  of  Sn ;  showing  linos  of  Ca  and  Fe ;  the  former  are  expanded  at  their 
lower  extremities,  the  Fe  lines  are  not  so  ex  ponded,  but  exist  at  a  higher 
level  than  the  Ca  lines.  The  photograph  shows  that  the  line  which  is 
basic  to  Fe  and  Ca  is  carried  up  with  the  other  Fe  lines,  and  is  also 
expanded  at  its  lower  extremity  with  the  other  Ca  lines. 


II.  "Note  on  some  Phenomena  attending  the  Reversal  of 
Lines."  By  J.  Norman  Lockyer,  F.R.S.  Received  March 
5,  1879. 

In  the  "  Phil.  Trans."  for  1873,  paf^e  253,  I  gave  an  account  of  an 
experiment  devised  by  Dr.  Frankland  and  myself,  in  which  the  ab- 
sorption line  of  sodium  was  made  to  vary  considerably  in  thickness, 
owing  to  the  variation  in  the  quantity  of  sodium  vapour  which  was 
produced  in  a  tube  when  a  mass  of  metallic  sodium  was  heated  in  an 
atmosphere  of  hydrogen. 

In  the  "  Phil.  Trans."  for  1874,  vol.  elxiv,  Part  II,  p.  805,  speak- 
ing  of  the  photographs  of  arc  spectra  which  I  had  then  commenced 
to  take,  I  stated,  "  it  not  unfrequently  liappens  that  a  very  thick  line 
will  reverse  itself,  a  circumstance  which  greatly  facilitates  its  com- 
parison with  confronted  lines,  since  a  thin  dark  line  then  runs  down 
the  centre  of  tlie  thicker  bright  one,"  and  I  pointed  out  in  a  note  that 
the  absorption  lino  does  not  always  occupy  the  exact  centre  of  the 
bright  band.  I  gave  examples  of  this  from  the  spectra  of  calcium 
and  aluminium,  the  examples  being  reproductions  of  photographs  of 
the  arc.     These  were  published  with  the  paper. 

In  other  subsequent  communications,  I  have  referred  to  these 
reversals,  and  I  liave  elsewhere  made  general  statements  with  regard 
to  them,  and  drawn  attention  to  the  distinction  between  those  sub- 
stances which  give  us. winged  lines  in  arc  spectra  and  those  which  do 
not. 

Tf  the  method  of  throwing  an  image  of  the  arc  upon  the  slit  be 
employed,  a  method  which  I  suggested  and  utilised  in  1870,*  for 

•  "  PhU.  Trans.,"  1873,  p.  254. 
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terrestrial  substances,  there  is  no  difficulty  in  seeing  the  reversal  of 
winged  lines  in  the  case  of  all  spectra  in  which  they  exist,  and  such 
lines  lying  in  the  region  between  K  and  G  have  been  photographed 
and  exhibited  to  the  Society  on  several  occasions  in  connexion  with 
one  part  or  another  of  my  researches.  When  a  lamp  of  thirty  cells, 
however,  is  used,  although  the  various  curious  phenomena  which  these 
reversals  present  are  easily  visible,  it  is  very  difficult  to  photograph 
them. 

The  longer  arc  given  us  by  the  Siemens'  machine  to  which  I  have 
referred  in  another  communication  has  enabled  me,  however,  to  photo- 
graph several  of  the  various  aspects  put  on  during  the  process  of 
reversal ;  these  photographs  I  exhibit  to  the  Society ;  chief  among 
these  phenomena  are  the  various  thicknesses  of  the  lines  of  reversal 
over  the  arc  and  poles,  and  the  appearance  of  the  bright  line  without 
reversal  in  some  regions,  and  the  reversal  without  bright  line  in 
others. 

All  the  phenomena  presented  by  the  absorption  of  the  D  line  to  the 
eye  are  here  in  duplicate.  It  may  be  useful,  perhaps,  to  state  what 
phenomena  are  seen  in  the  case  of  the  D  line,  when  a  small  image  of 
the  arc,  carefully  focussed  for  the  yellow  light,  is  thrown  upon  the 
slit  and  considerable  dispersion  is  employed. 

If  the  arc  is  observed  before  the  introduction  of  the  sodium  on  to 
the  poles,  with  the  poles  slightly  separated,  the  continuous  spectrum 
of  each  pole  will  be  bounded  by  a  sharp  line,  and  in  the  included 
region  the  exquisite  ilutings  of  the  carbon  vapour  will  be  seen  together 
with  the  lines  due  to  any  metallic  substances  present.  The  metallic 
lines  will  be  thickest  near  one  pole,  and  will  overlap  its  continuous 
spectrum,  while  the  carbon  flutings  will  overlap  the  other.  The  D 
lines  in  the  arc  should  occupy  the  centre  of  the  field  of  view. 

If  now  a  piece  of  metallic  sodium  be  placed  on  the  lower  pole,  the 
whole  of  the  light  will  be  blotted  out,  if  the  field  of  view  be  small. 
Gradually  the  two  ends  of  the  spectrum  of  the  arc  will  begin  to 
appear  on  either  side  of  the  field,  the  sharp  boundary  lines  to  which 
reference  has  been  made  having  disappeared,  as  the  poles  are  no  longer 
incandescent. 

The  absorption  in  its  retreat  to  the  central  region  will  next  take 
the  appearance  of  a  truncated  cone,  its  base  resting  on  that  side  of  the 
arc  formerly  occupied  by  the  carbon  flutings.  The  intense  blackness 
gradually  changes  into  a  misty  veil  through  which,  as  it  were,  the  D 
lines  gradually  make  their  appearance  as  enormous  truncated  cones 
with  their  bases  turned  in  the  opposite  direction  to  that  occupied  by 
the  original  absorption. 

The  more  refrangible  line  is  twice  as  thick  as  the  other,  and  is  oflben 
contorted  while  the  other  is  rigid.  Gradually,  as  the  quantity  of 
sodium  vapour  is  reduced,  the  poles  regain  their  original  incaxid^ejei^^j^G^^^ 
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and  the  one  to  which  the -carbon  bands  attach  themselves  will  become 
more  vividly  incandescent  than  the  other.  Then  begins  a  new  set  of 
phenomena — the  absorption  of  the  light  of  either  pole.  Grenerally  on 
the  more  incandescent  pole  the  absorption  widens  for  a  space,  then 
narrows  and  finally  puts  on  a  trumpet  appearance  and  is  lost,  as  if 
the  molecules  to  which  the  absorption  is  due  were  then,  owing  to 
the  reduction  of  temperature,  being  reconstructed,  thus  increasing  the 
quantity  of  available  absorbing  material  of  this  particular  kind. 

Very  often  on  the  opposite  pole  the  line  is  seen  merely  as  a  bright 
one,  or  again  the  absorption  is  reduced  to  its  smallest  proportions. 

Having  thus  stated  the  phenomena  with  regard  to  the  D  line,  it  will 
be  convenient  to  make  some  general  statements  supported  by  the 
various  photographs  which  I  now  submit  to  the  notice  of  the  Society. 

I.  We  have  first  a  general  absorption  of  the  light  of  the  arc  over 
the  region  to  be  eventually  occupied  by  the  bright  line. 

II.  Next  the  disappearance  of  this  indefinite  absorption  and  the 
formation  of  a  truncated  absorption  of  a  symmetrical  bright  and 
wider  line. 

III.  Next  the  parallelism  of  the  boundaries  of  the  bright  and  dark 
lines  in  the  centre  of  the  arc  itself. 

IV.  Next  the  various  absorption  phenomena  on  the  two  poles. 

V.  Finally  the  extinction  of  the  absorption  line  in  the  arc. 

The  other  lines  in  the  sodium  spectrum  are  also  good  representa- 
tives of  cases  in  which  the  absorption  leads  to  different  appearances, 
or  in  which  absorption  phenomena  are  entirely  wanting.  For  instance, 
the  double  green  line  of  sodium  shows  scarcely  any  trace  of  absorp- 
tioii  when  the  lines  are  visible ;  but  before  the  lines  are  produced  out 
of  a  general  brightness  which  fills  the  whole  field  the  absorption  is 
visible  as  line  absorption,  the  less  refrangible  member  being  thicker 
and  darker  than  the  other,  exactly  the  opposite  to  what  holds  with  the 
D  lines. 

I  have  observed  no  absorption  in  the  case  of  the  blue  line,  but  the 
radiation  phenomena  are  extremely  curious  taken  in  connexion  with 
the  other  lines.  While  the  D  lines  put  on  the  appearance  of  black 
truncated  cones,  while  the  green  lines  widen  at  their  bases  towards 
the  red  and  not  at  all  towards  the  more  refrangible  side,  the  blue 
lines  are  only  "widely  developed  in  the  centre  of  the  arc,  and  are  least 
developed  in  that  portion  of  it  where  the  phenomena  of  the  other  lines 
are  seen  in  their  strongest  intensity  ;  thereby  affording  a  striking  in- 
stance of  the  irregular  absorption  and  radiation  of  the  molecules  of 
the  same  element  in  the  same  sectional  plane  of  the  arc. 

The  red  double  line  of  sodium  I  have  never  seen  reversed  nor  irre- 
gularly widened. 

When  a  Siemens'  lamp  is  employed,  the  absorption  phenomena  of 
ibe  dame  referred  to  in  another  communication  merit  a  most  careful 
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study.  The  lines  whicli  reverse  themselyes  most  readily  in  the  arc  are 
generally  those,  the  absorption  of  which  is  most  developed  in  the 
flame;  thus  the  manganese  triplet  in  the  violet  is  magnificently 
reversed  in  the  flame,  and  the  blue  calcium  line  is  thus  often  seen 
widened,  K  and  K  being  not  only  not  absorbed,  but  entirely  invisible. 

LIST  OF  PHOTOGRAPHS  EXHIBITED. 

Photographs  showing  passage  from  truncation  to  paraHelism. 

I.  S|)cctrum  of  Sr,  showing  two  reyersed  lines  (ware-lengths  4078*5  and 

4215*3)  gradually  broadening  towards  one  end. 
II.  Spectrum  of  Ca,  showing  reyersal  of  the  blue  line,  and  of  H  and  K, 
While  the  blue  line  presents  the  appearance  of  a  cone,  through  the 
centre  of  which  is  the  absorption  line  bounded  by  parallel  sides,  the 
H  and  K  lines  are  almost  normal  in  their  appearance,  showing,  howeyer, 
a  slight  widening  at  one  extremity. 

III.  Spectrum  of  Mn,  showing  blue  Ca  line  tapering  to  a  point  at  one  ex- 
tremity and  enlarging  spindle-shape  towards  the  other  end  ;  the  rerersal 
of  this  line  does  not  extend  through  its  whole  length,  but  merely 
througli  the  bulging  portion,  tapering  gradually  to  a  point. 

IV.  Spectrum  of  Sr,  showing  the  two  lines  (4078*5  and  4215*3)  which  this 
time  present  an  appearance  yery  similar  to  the  blue  Ca  line  in  the  last 
photograph.  In  the  more  refrangible  line,  however,  the  reversal  retain- 
ing its  tapering  form  extends  through  the  whole  length  of  the  line. 

Two  photographs  of  the  spectrum  of  Ca,  in  which  not  only  the  blue  line  but  also 

the  U  and  K  lines  present  the  appearance  of  truncated  cones. 
Spci'trum  of  Mn,  sliowing  the  absorption  of  its  triplet  (at  wave-length  about  4030) 

without  its  radiation. 
S[icotrum  of  Mn,  in  which  the  triplet  is  again  reversed.     Here  the  triplet,  together 
wtth  its  two  included  bright  lines,  looks  exactly  like  a  group  of  eight 
radiation  lines,  each  reversed  line  giving  the  appearance  of  two  bright 
lines. 
Photographs  showing  non-symmetrical  lines. 

I.  Spectrum  showing  two  Ag  linos  at  about  wave-lengths  4054*3  and  4210*0. 
Both  lines  are  fluffy  and  reversed ;  the  less  refrangible  line  is  much 
more  strongly  expanded  on  its  more  refrangible  side,  and  is  carried  up 
to  a  much  greater  height  as  a  radiation  line  than  its  other  side.     The 
more  refrangible  line  is  more  symmetrical,  but  presents  the  same  phe- 
nomena to  some  extent,  only  in  the  opposite  direction,  its  less  refran- 
gible side  being  the  most  developed. 
II.  Spectrum  of  Kb,  showing  line  at  wave-length  4202.     Here  the  two 
ends  of  the  line  are  produced  by  radiation  alone,  the  central  portion 
showing  absorption  on  its  more  refrangible  side  with  fl^y  shading  on 
its  less  refrangible  side. 
Spectra  of  Sr  and  Cs,  showing  the  absorption  of  hght  due  to  the  poles. 
Photograplts  showing  the  trumpeting  of  lines. 

I.  Spectrum  of  Ca,  in  which  the  reversal  is  seen  to  widen  as  we  approach 
the  faint  end  produced  by  the  cooler  external  region  of  the  arc,  thus 
showing  absorption  increasing  with  reduction  of  temperature. 
II.  Another  spectrum  of  Ca,  showing  the  same  thing  again. 
III.  Spectrum  of  Pb,  showing  that  the  Pb  line  at  wave-length  4058  also 
trumpets. 


4)12  ]\lr.  .1.  N.  Lockyer.      /h's^'usAion  of  [^far.  20, 

lY.  Spectrum  showing  the  Ba  line  at  4553*4  trumpeting.  Here  the  line» 
after  proceeding  to  a  conaiderable  distance  from  the  hottest  region  of 
the  arc  as  a  fine  rerersed  line,  gradually  expands  towards  its  extremitj. 

Flame-spectrum  of  Mn,  showing  the  reTcrsal  of  the  triplet  in  the  arc-flame. 

Flame-spectra  of  Ca,  showing  the  gradual  extinction  first  of  K  and  then  of  H  as  the 
flame  recedes  farthest  from  the  arc. 


»f 


III.    Discussion  of  "Young's  List  of   Chromospheric   Lines. 
(Note  I.)      By  J.   Norman  Lockyer,   F.R.S.     Received' 
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[Platb  9.] 

In  my  paper  read  on  the  12th  December,  1878,  I  called  attention  to 
the  fact  that,  in  the  case  of  the  metals  discussed  in  that  paper,  with 
the  exception  of  hydrogen,  there  was  a  considerable  discrepancy  be- 
tween the  intensities  of  the  lines  seen  in  our  laboratories  and  the 
number  of  times  the  lines  had  been  seen  by  Young  in  his  careful 
researches  on  the  chromosphere. 

In  a  preliminary  note  **  On  the  Substances  which  produce  the  Chro- 
mospheric Lines  "  I  pointed  out  that  the  lines  visible  in  the  spectrum 
of  the  chromosphere  when  a  metallic  prominence  is  observed  are  for  the 
most  part  basic  lines,  that  is  to  say,  with  few  exceptions,  the  longest 
and  brightest  lines  visible  in  the  spectra  of  the  so-called  elements  are 
conspicuously  absent ;  instead  of  them  we  find  fainter  lines,  which 
Thalen  has,  in  many  instances,  mapped  as  common  to  two  elements. 

Silice  these  papers  were  communicated  to  the  Society  I  have  con- 
tinued this  line  of  inquiry,  and  I  now  propose  to  state  what  I  have 
thus  far  done : — 

1.  The  maps  of  the  spectra  of  calcium,  barium,  iron,  and  man- 
ganese, submitted  to  the  Society  in  an  incomplete  state  when  the 
preliminary  note  was  read,  have  been  completed.  In  these  the  lengths 
of  the  lines  in  the  spectra  of  the  metallic  elements  represent  the  in- 
tensities  given  by  Thalen,  whose  lines  and  wave-lengths  I  have  followed 
in  all  cases,  while  those  of  the  lines  visible  in  solar  storms,  represent 
the  number  of  times  each  line  has  been  seen  in  the  spectrum  of  the 
chromosphere  by  Professor  Yoang,  to  whose  importunt  work  I  have 
drawn  special  attention  in  my  last  two  communications.  An  inspec- 
tion  of  these  maps  is  sufficient  to  show  that  there  is  no  connexion 
whatever  beyond  that  of  wave-length  between  the  spectra;  it  will 
be  gathered  from  the  maps  how  the  long  lines  seen  in  our  laboratories 
are  suppressed  and  the  feeble  lines  exalted  in  the  spectrum  of  the 
chromosphere,  see  Plate  9.  The  Mn  map  has  been  omitted  on  account 
of  its  excessive  complication. 

2.  I  have  discussed  the  coincidences  recorded  in  Angstrom's  map « 
and  Thalen  tables  in  the  sheets  of  the  '^  Spectre  Normal,"  comprising 
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tlic  wavc-lcu<rtlis  4Il!0 — riiO'i.  1  Iiavi'  disuussi'd  in  I'acli  case  the 
possibility  or  impossibility  of  such  coincidence  having  arisen  from  the 
presence  of  an  impurity.  Any  person  going  over  this  table  after  he 
has  taken  the  trouble  to  acquire  the  information  necessary  to  under- 
stand it,  will  see  that  in  a  large  number  of  cases  the  coincidences 
cannot  be  ascribed  to  the  existence  of  impurities.  In  many  cases,  it 
is  true,  the  coincidences  may  arise  from  the  presence  of  impurities, 
but  this  is  by  no  means  a  proof  that  they  do  so.  Indeed  it  does  not 
appear  to  have  struck  all  who  have  considered  this  question,  that,  as  I 
have  before  shown,  the  presence  of  B  existing  with  A  as  an  impurity 
and  in  A  as  a  base,  will,  up  to  a  certain  point,  give  the  same  results  ; 
the  ascribing  of  lines,  therefore,  to  impurities,  without  a  demonstration 
of  the  impurity,  is  an  unscientific  proceeding. 

*  In  this  table,  as  in  the  maps,  it  will  be  seen  how  the  faintest  lines 
are  apt  to  be  most  frequently  seen  in  the  chromosphere.  (See  pp. 
434r-439.) 

3.  I  have  attacked  Young's  complete  list  from  another  point  of 
view,  discussing,  in  connexion  with  Angstrom's  map  and  Thal^n's 
tables,  all  lines  seen  less  than  one  hundred  and  more  than  fourteen 
times,  to  determine  whether,  when  treated  in  this  way,  there  was  any 
connexion  between  the  intensities  of  the  lines,  as  given  by  Thal6n, 
and  the  number  of  reversals,  including,  of  course,  those  cases  in  which 
Thai  en  has  assigned  the  line  to  two  metals. 

Of  the  forty-one  lines  given  in  the  following  table,  no  less  than  five 
have  exactly  the  same  readings  in  two  metals  according  to  Thalen, 
and  three  more  have  very  small  differences.  It  will  be  observed  that 
only  one  line  of  the  1st  order  of  intensity  in  the  spectrum  of  iron 
appears  in  the  list.  This  was  observed  three  times,  while  two  lines  of 
tlie  3rd  order  have  been  seen  no  less  than  forty  times.  No  line  of 
manganese  above  the  3rd  order  has  been  observed,  and  of  the  two 
recorded,  a  5th  order  line  has  been  observed  twenty  times,  and  a  3rd 
order  line  fifteen. 

It  will  be  seen,  further,  from  the  last  column  in  the  table,  that,  as  a 
rule,  when  we  leave  out  of  discussion  the  lines  visible  in  Sirius,  the 
more  intense  adjacent  lines  of  the  same  metals  have  either  not  been 
seen  at  all  by  Young,  or  have  been  seen  less  frequently.  (See  pp. 
440,  441.) 

4.  I  have  made  some  preliminary  observations  on  the  presence  in, 
or  absence  from,  metallic  spectra  of  some  of  the  lines  most  frequently 
seen  by  Young,  for  if  the  lines  observed  so  frequently  by  Young  in 
solar  storms  and  recorded  as  common  to  two  substances  at  least  by 
Thalen  be  really  basic,  it  becomes  highly  probable  that  these  lines  are 
really  present  in  the  spectra  of  many  bodies  but  have  been  overlooked 
by  previous  observers  in  consequence  of  their  faintness. 

Up  to  the  present  time  my  work  has  been  somewhat  restricted  in  Hub 
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direction,  since,  as  I  have  been  anxious  to  avoid  any  question  arising 
from  the  known  impurity  of  carbon  poles,  I  have  limited  myself 
to  the  use  of  double  metallic  poles  or  expenmented  on  very  volatile 
substances,  the  impurities  carried  up  by  which  are  easily  detected.  I 
append  a  provisional  table  of  the  results  I  have  already  obtained.  I 
do  not  hold  to  its  absolute  accuracy,  but  I  know  it  is  sound  in  the 
main.     (See  p.  443.) 

The  dispersion  I  have  employed  (Rutherford's  grating,  17,000  lines 
second  order)  has  been  so  great  that  the  observations  would  have 
been  .more  satisfactory  if  the  light  of  the  arc  had  been  less  reduced 
by  dispersion.  We  may  therefore  feel  assured  that  we  are  dealing 
with  lines  of  the  same  wave-length,  identical,  that  is,  within  the 
range  of  the  most  powerful  instrumental  methods  ordinarily  employed. 
In  all  cases  a  battery  of  thirty  Grove  cells  was  used,  and  the  lines 
were  successively  observed  at  the  intersection  of  two  cross-wires 
in  the  field  of  view,  everything  remained  unchanged  and  rigid  except 
the  poles  between  which  the  arc  was  made  to  pass.  For  the  lines 
between  H  and  G  an  inspection  of  photographs  has  taken  the  place  of 
eye  observations,  and  for  this  not  only  my  own  series  of  photographs 
has  been  used,  but  a  most  valuable  one  placed  at  my  disposal  by  Pro- 
fessor Roscoe. 

The  list  in  its  present  very  incomplete  state  leads  to  very  remark- 
able conclusions;  the  line  at  1474  has  been  found  in  several  spectra, 
while  Lorcnzoni's  /  is  markedly  absent  from  the  spectra  of  forty-two 
metallic  elements  ;  this  result,  I  think,  justifies  the  suspicion  long  ago 
stated  that/  belongs  to  the  same  substance,  or  at  least  is  nearly  related 
to  that  which  produces  D3.  It  will  be  seen  too  that  a  line  coincident 
with  the  h  line  of  hydrogen  has  been  photographed  in  the  spectra  of 
several  substances  besides  indium,  G  being  absent,  and  F  also,  as  I 
have  gathered  from  an  inspection  of  Dr.  Roscoe's  photographs.  I  may 
add  that  I  have  reason  to  suspect  the  existence  of  the  C  line  alone  in 
the  spectra  of  some  chemical  substances. 

These  observations  have  compelled  me  to  make  rapid  surveys  of  the 
arc-spectra  of  most  of  the  metallic  elements,  and  have  again  brought 
to  the  front,  in  a  very  striking  way,  the  view  I  expressed  to  the  Royal 
Society  some  five  or  six  years  ago,  that  many  of  the  lines  in  line- 
spectra  are  the  brightest  portions — the  remnants — of  flutings  and 
possibly  of  other  rhythmic  structure.  I  am  at  present  engaged  in 
investigating  this  question  of  rhythm,  and  I  have  already  found  that 
many  of  the  first  order  lines  of  iron  may  probably  arise  from  the 
superposition  or  integration  of  a  number  of  rhythmical  triplets.  All 
this  goes  to  show  how  long  the  series  of  simplifications  is  that  we 
bring  about  in  the  case  of  the  so-called  elementary  bodies  by  the 
application  of  a  temperature  that  we  cannot  as  yet  define.  Indeed 
the  more  one  studies  spectra  in  detail,  and  especially  under  varying 
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conditions  of  temperature  which  enable  ns  to  observe  the  reversal 
now  of  this  set  of  lines,  now  of  that,  the  more  complex  becomes  the 
possible  origin.  Some  spectra  are  fnll  of  doublets:  sodium  and 
potassium,  as  ordinarilj  mapped,  may  be  said  indeed  to  consist  ex- 
clusively of  doublets;  others,  again,  are  full  of  triplets,  the  wider 
member  being  sometimes  on  the  more,  sometimes  on  the  less,  re- 
frangible side.  Doublets  and  triplets,  as  a  rule,  reverse  themselves 
more  freely  than  the  irregular  lines  in  the  same  spectrum — which 
particular  doublet  or  triplet  will  reverse  depending  upon  the  tem- 
perature, as  if  the  cooler  vapour  to  which  the  reversal  is  due  varied 
as  in  the  case  of  fractional  distillation.  Some  lines  are  clean  cut  in 
their  reversal ;  others,  again,  to  use  the  laboratory  phrase,  are  fluffy  to 
a  degree  that  must  be  seen  to  be  appreciated,  so  much  so,  that  when 
photographed  they  appear  merely  as  blurs  upon  the  plate. 

The  above  results,  which  have  been  foreshadowed  in  my  previous 
papers,  have  led  me  to  examine  especially  the  intensities  of  the  various 
Fraunhofer  lines,  and  to  compare  the  intensities  of  the  metallic  lines 
confronted  with  them  in  arc  and  sun  photographs.  I  have  done  this 
because  it  is  worse  than  useless  to  proceed  with  this  construction  of 
the  large  map  now  that  four  years'  work  has  shown  that  the  method 
of  impurity  elimination  has  proved  insufficient,  until  some  other 
method,  embodying  a  higher  law,  can  be  used ;  and  to  get  this  we 
want  work  over  the  whole  field.  This  examination  I  am  making,  not 
only  from  K  to  G,  over  which  my  own  photographs  extend,  but  even 
to  &,  by  means  of  another  series  taken  by  Professor  Boscoe,  which  he 
has  allowed  me  to  inspect. 

In  short,  in  this  survey  I  have  about  300  photographs  to  work  upon. 
I  exhibit  several  of  these  photographs  to  the  Society  in  anticipation  of 
a  further  communication. 

The  upshot  of  this  inquiry  even  already  is  as  follows : — The  dis- 
crepancy which  I  pointed  out,  six  years  ago,  between  the  solar  and 
terrestrial  spectra  of  calcium  is  not  an  exceptional,  but  truly  a  typical 
case.  Variations  of  the  same  kind  stare  us  in  the  face  when  the 
minute  cmatomy  of  the  spectrum  of  almost  every  one  of  the  so-called 
elements  is  studied.  If,  therefore,  the  argument  for  the  existence  of 
our  terrestrial  elements  in  extra-terrestrial  bodies,  including  the  sun, 
is  to  depend  upon  the  perfect  matching  of  the  wave-lengths  and  in- 
tensities of  the  metallic  and  Fraunhofer  lines,  then  we  are  driven  to 
the  conclusion  that  thb  elements  with  which  we  abe  acquainted  here 

DO  NOT  EXIST  IN  THE  SUN. 
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March  27,  1879. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "On  the  Organization  of  the  Fossil  Plants  of  the  Coal 
Measures.  Part  X."  By  W.  C.  Williamson,  F.R.S.,  Pro- 
fessor of  Natural  History  in  Owens  College,  Manchester. 
Received  March  5,  1879. 

(Abstract.) 

The  still  existing  differences  of  opinion  respecting  the  botanical 
affinities  of  the  Sigillarisa  give  value  to  every  new  fact  calculated  to 
throw  light  upon  the  question.  In  1865,  Edward  Wunsch,  Esq.,  of 
Olasgow,  made  a  discovery,  which  proves  to  have  an  important  bearing 
upon  it.  He  found,  at  Laggan  Bay,  in  Arran,  a  series  of  rather  thin 
Carboniferous  strata,  separated  by  thick  beds  of  volcanic  ash,  and  in 
one  of  the  Carboniferous  shales  especially,  he  discovered  the  bases  of 
the  stems  of  numerous  very  large  trees,  standing  perpendicularly  to 
the  shales.  These  trees  have  been  referred  to  by  several  authors  as 
Sigillarian.  In  the  summer  of  1877,  Mr.  Wunsch  and  I  employed 
quarrymen  to  make  extensive  excavations  amongst  these  strata,  for 
the  purpose  of  adding  to  the  extensive  series  of  specimens  which  he 
had  obtained,  and  the  whole  of  which  he  kindly  placed  in  my  hands. 
The  aggregate  result  of  these  explorations  was  to  show  that  the  con- 
clusion previously  arrived  at,  viz.,  that  the  stems  had  belonged  to  a 
grove  of  Sigillarian  trees  was  unsupported  by  a  solitary  fact.  These 
stems  were  of  very  large  size,  showing  that  they  had  belonged  to  fully 
grown  trees.  None  of  them  displayed  any  traces  of  leaf-scars,  having 
outgrown  the  stages  at  which  such  scars  would  remain  visible.  Their 
outer  surfaces  were  scored  with  deep  irregular  longitudinal  fissures, 
resulting  from  internal  growth  and  consequent  expansion,  and  which 
appear  to  have  been  mistaken  for  the  longitudinal  grooves  and  ridges 
of  a  Sigillarian  bark.  Such,  however,  they  certainly  were  not,  since,  in 
every  instance,  the  surface  bark  had  been  entirely  thrown  off,  and  the 
fissures  entered  deeply  into  the  subjacent  bark  layer.  In  most  of  the 
stems,  this  comparatively  thin  bark  layer  was  the  only  one  that  re- 
mained, the  greater  portion  of  the  inner  bark  and  the  central  vascular 
axis  having  disappeared,  leaving  a  large  cylindrical  cavity,  which  waa 
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filled  up  with  volcanic  ash.  These  stems  failed  to  display  a  single 
feature,  justifying  the  conclusion  that  they  were  Sigillarian. 

In  two  of  tbem  the  central  cavity,  instead  of  being  filled  with  ash, 
was  filled  with  miscellaneous  heaps  of  vegetable  matter,  amongst 
which  were  large  fragments  of  tbe  vascular  axes  of  various  plants, 
such  as  Lepidodendra  and  Stigmarice,  but  in  one  of  the  largest  stems 
were  five  or  six  decorticated  vascular  cylinders  of  Diploxyloid  stems, 
of  the  largest  size,  and  which,  though  arraDged  parallel  to  the 
long  axis  of  the  cylinder  which  enclosed  them,  obviously  did  not 
belong  to  them,  but  had  been  floated  in  from  without.  The  sup- 
position that  these  had  been  young  stems  that  had  grown  within 
the  hollow  protecting  cylinders,  from  spores,  accidentally  intro- 
duced, is  wholly  untenable,  since  each  one  of  these  several  vascular 
axes  has  been  the  centre  of  a  stem  fully  as  large  as  that  within 
which  we  found  them  aggregated.  Of  course,  these  Diploxyloid 
vascular  axes  had  the  organization  which  Brongniart  and  the  younger 
school  of  French  botanists  which  still  upholds  his  views  on  this 
point,  believe  to  be  characteristic  of  true  SigillarisB — a  conclusion  from 
which  I  have  long  dissented. 

The  only  fragment  we  found,  that  threw  any  light  upon  the  character 
of  the  leaf-scars  that  had  indented  the  surfaces  of  these  fully  grown 
stems,  was  a  well-defined  example  of  the  Lepidodendroid  typo. 

We  directed  careful  attention  to  the  nature  of  the  smaller  fragments 
of  branches  and  foliage  which  abounded  in  the  volcanic  ash  with 
which  the  large  stems  were  overlaid.  These  consisted  of  Lepido- 
dendroid branches  and  twigs  of  all  sizes  and  ages,  and  no  doubt  was 
left  upon  my  mind  that  they  were  really  the  disjecta  membra  of  the 
stems  around  which  they  were  so  profusely  scattered.  The  only  fruits 
that  have  been  obtained  from  the  same  locality  are  Lepidoatrobi,  most 
of  which  contain  macrospores  and  microspores.  Unless  we  are  prepared 
to  believe  that  this  Arran  deposit  contained,  on  the  one  hand,  numeroas 
stems  without  branches,  and,  on  the  other,  yet  more  numerous  branches 
without  stems,  we  must  recognise  in  these  specimens  the  comple- 
mentary elements  of  a  grove  of  Lepidodendroid  trees. 

One  specimen  found  is  a  very  important  one.  It  has  a  mean 
diameter  of  six  inches,  and  is  either  a  small  stem  or  a  very  large 
branch.  Internally  it  exhibits  the  same  structure  as  all  the  smaller 
Lepidodendroid  branches,  except  so  far  as  it  is  modified  by  size  and 
age.  But  in  addition  to  its  other  features,  it  exhibits  a  very  narrow 
exogenous  ring  surrounding  the  ordinary  Lepidodendroid  one,  thus 
giving  some  clue  to  the  size  attained  by  such  branches  before  the 
internal  organization  passed  from  the  Lepidodendroid  to  the  Sigillarian 
type. 

I  have  at  last  succeeded  in  obtaining  the  Strobilas,  to  which  the 
remarkable  macrospores  and  microspores  figured  in  my  last  memoir 
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belong.  It  unexpectedly  proves  to  be  a  very  small  one,  being  little 
more  than  an  inch  in  length.  Further  specimens  have  shown  that 
the  abnormal  peduncles  of  the  macrospores  shown  in  Plate  23,  fig.  64, 
are  wholly  due  to  the  partial  collapse  of  the  spore- wall.  Further 
specimens  have  also  been  obtained  of  the  Strobilus  and  its  spores 
represented  in  Plate  22,  figs.  38-57.  These  examples  possess  the 
central  vascular  axis  in  a  perfect  state,  which  portion  was  lacking 
in  the  previously  known  examples.  It  proves  to  have  an  individuality 
as  distinctive  as  that  of  the  spores  and  sporangia  which  it  bore. 

The  important  discovery  by  Mr.  D'Arcy  Thompson,  of  Edinburgh, 
of  young  branches  of  JJlodeftidron  with  reproductive  cones  actually 
attached  to  the  scars  characteristic  of  the  genus,  finally  settles  the 
nature  and  functions  of  these  scars,  showing  that  they  mark  the 
positions  from  which  bilaterally  arranged  deciduous  organs  of  fructifi- 
cation have  fallen. 

The  structure  of  Calamostachys  Binneyana  has  had  further  light 
thrown  upon  it,  sustaining  my  previously  expressed  convictions  that 
it  had  a  triquetrous  axis,  and  that  consequently  its  affinities  were 
with  Asterophyllites  and  Sphenophyllum,  and  not  with  Calamites,  A 
specimen  demonstrates  that  the  six  vascular  bundles  going  to  the  six 
fertile  sporangiophores  were  given  off  in  pairs  from  the  three  truncated 
angles  of  a  triangular  vascular  axis — an  orientation  absolutely  identi- 
cal with  that  represented  in  similar  sections  of  stems  of  Sphenophyllum^ 
published  by  M.  Renault.  The  recent  discovery  by  Herr  Stur,  of 
Vienna,  of  a  plant  in  which  Sphenophylloid  and  Asterophyllitean 
leaves  are  found  upon  a  common  stem,  establishes  the  correctness  of 
my  previous  conclusions  as  to  the  very  dose  affinities  of  these  two 
genera.  • 

Two  new  fern  petioles  or  stems  have  been  obtained  from  Halifax,  to 
which  I  have  given  the  name  of  Bachiopteris  rohusta  and  B.  insignis. 
In  one  specimen  of  the  latter,  the  large  vessels  of  the  central  bundle 
are  full  of  Tylose  cells,  whilst  a  second  example  exhibits  no  trace  of 
them.  This  shows  the  existence  or  non-existence  of  Tylose  to  be  a 
characteristic  having  no  specific  value. 

Since  my  last  memoir  was  written  I  have  obtained  several  new 
forms  of  cryptogamic  conceptacles — similar  to  those  previously  de- 
scribed under  the  generic  name  of  Sporocarpon — as  well  as  been  able 
to  throw  additional  light  upon  some  of  those  previously  described. 
No  clue  has  yet  been  obtained  as  to  the  plants  to  which  these  very 
remarkable  organisms  belonged. 

A  large  series  of  specimens  from  Oldham  and  Halifax  has  enabled 
me  to  investigate  in  detail  the  very  curious  objects  to  which  Mr. 
Carruthers  gave  the  name  of  Traqtuiiria^  and  which  that  observer 
believes  to  be  a  form  of  Radiolarian  life.  Their  very  elaborate  orga- 
nization can  scarcely  be  made  intelligible  without  the  aid  of  platen.  1t^<^ 
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previous  memoir  ("  Phil.  Trans."  1874,  p.  56),  I  ventured  to  doubt  the 
correctness  of  Mr.  Carruthers'  conclusions,  and  expressed  my  conviction 
that  these  objects  resembled  spores  rather  than  protozoan  skeletons. 
Further  study  of  their  details  of  structure  has  only  strengthened  this 
opinion  which  has  also  received  the  important  support  of  Professors 
HsBckel  and  Strasburger,  of  Jena,  both  of  whom  have  carefully  studied 
my  collection  of  specimens.  These  objects  are  small  spheres — ^the 
sphere- wall  of  which  is  prolongfed  into  a  series  of  long  radiating  tubes 
not  unlike  the  muricated  spines  of  a  Gidaris,  In  their  young  state 
each  murication  gives  off  a  delicate  thread  or  threads,  which  ramified 
freely  in  an  apparently  mucilaginous  or  gfelatinous,  structureless,  in- 
vesting magma.  In  older  specimens  these  threads  developed  into 
branching  and  radiating  cylindrical  tubes  which,  like  the  primary  ones, 
had  very  thin  walls.  Within  the  outer  sphere- wall,  which  consists  of 
fche  coalesced  bases  of  these  branching  tubes,  were  at  least  two  other 
thin  layers  of  membrane,  and  in  several  of  the  specimens  the  interior  of 
the  capsule  is  filled  with  cells,  exactly  like  those  seen  in  the  corre- 
sponding cavities  of  Lycopodiaceous  macrospores  found  in  the  Halifax 
deposits  from  which  the  finest  Traquairim  have  been  obtained.  These 
objecU  differ  considerably  from  all  known  reproductive  stmcturas ; 
but  I  agree  with  Professor  Heeckel  in  his  very  decided  rejection  of 
them  from  the  Badiolarian  group  of  organisms,  and  with  his  conclusion 
that  they  are  vegetable  and  not  animal  structures.  Professor  Stras- 
burger thinks  it  most  probable  that  their  affinities  are  with  the 
macrospores  of  the  Bhizocarp89. 

In  my  previous  memoir  I  gave  three  very  small  figures  of  some 
minute  objects,  which  exactly  resemble,  in  their  minutest  details,  the 
zygospores  of  some  of  the  DesmidiacesB.  Many  additional  examples 
of  these  objects  have  been  discovered,  enabling  me  to  throw  further 
light  upon  them.  Their  resemblance  to  these  zygospores  has  been 
made  increasingly  obvious,  but  I  dare  not  venture  to  assign  to  them  a 
Desmidiaceous  origin,  since  the  most  extended  research,  and  the  re- 
sulting discovery  of  large  numbers  of  these  organisms,  have  yet  failed 
to  bring  to  light  the  faintest  trace  of  a  true  Desmid.  Under  these 
circumstances  I  have  assigned  to  several  species  of  these  organisms 
the  generic  name  of  Zygosporites. 

The  seed  described  in  my  last  memoir  but  one,  under  the  name  of 
Lagenostoma  ovoides,  always  exhibited  a  thick  carbonised  testa,  in 
which  no  structure  could  be  observed.  I  have  now  discovered  that 
the  thick  outer  layer  consisted  of  very  hard  cubical  or  slightly  oblong 
schlerenchymatous  cells,  whilst  a  thin  and  delicate  inner  membrane 
was  composed  of  small  spiral  prosenchymatous  ones. 

An  additional  specimen  of  the  woody  axis  of  Dadogsylan  exhibits  the 
paired  divergent  structures  passing  outwards  to  the  back  in  the  shape 
of  two  large,  radial  prolongations  of  the  cellular  pith;   and  which 
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mnst  obviouBly  have  gone  off  the  branches — either  to  ordinary  ones  or 
to  pairs  of  fruit-spikes. 

Myriads  of  the  vegetable  fragments  both  from  Oldham  and  Halifax 
are  drilled  in  all  directions  with  rounded  insect  or  worm  borings,  and 
farther  traces  of  these  zylophagons  animals  are  seen  in  innumerable 
clusters  of  small  Coprolites  of  various  sizes ;  the  size  of  those  com- 
posing each  cluster  being  uniform. 

Desirous  of  verifying  Count  Castracane's  alleged  discovery  of 
Diatoms  in  coal,  specimens  of  twenty-two  examples  of  coal  from 
various  localities  in  Yorkshire,  Lancashire,  and  Australia  were  reduced, 
after  the  Count's  method,  to  a  small  residue  of  ash.  This  work  was 
done  for  me  in  the  chemical  laboratory  of  Owens  College  through  the 
kindness  of  Professor  Roscoe.  '  Like  Mr.  F.  Kitton,  of  Norwich,  the 
Bev.  E.  O'Meara,  of  Dublin,  and  the  Bev.  G.  Davidson,  of  Logie  Cold- 
stone,  I  have  failed  to  discover  the  slightest  trace  of  these  organisms 
in  coal. 

The  last  objects  described  are  some  minute  organisms  from  the  Car- 
bomferous  limestones  of  Bhydmwyn,  in  Flintshire,  and  which  were 
supposed  by  Professor  Judd  to  have  been  siliceous  Badiolarians  from 
which  the  silica  had  disappeared  and  been  replaced  by  carbonate  of 
lime.  I  fail  to  find  any  confirmation  of  this  conclusion.  The  objects 
appear  to  me  to  constitute  an  altogether  new  group  of  calcareous 
spherical  organisms  that  may  either  have  been  allied  to  the  Foram- 
nif  era,  or  have  had  some  affinities  with  the  Bhabdoliths  and  Coccoliths. 
I  have  proposed  for  several  species  of  the  organisms  the  generic  name 
of  GalcisphoBra.  Myriads  of  objects  of  similar  character,  but  of  larger 
size,  constitute  the  greater  portion  of  a  Coruiferous  limestone  from 
the  Devonian  beds  of  Kelly's  Island,  IJ.S.A. 


II.  **  Observations  on  the  Physiology  and  Histology  of  Convoluta 
SchultziV  By  P.  Geddes.  Communicated  by  J.  BuRDON 
Sanderson,  M.D.,  F.R.S.,  Professor  of  Physiology  in 
University  College,  London.    Received  March  10,  1879. 

Part  I. — Physiology. 

Chlorophylloid  green  colouring  matters  are  known  to  exist  in  the 
tissues  of  a  not  inconsiderable  number  of  animals  belonging  to  very 
various  invertebrate  groups — Protozoa,  Ponf era,  Ccelenterata,  Vermes, 
and  even  Crustacea  ;*  but  all  information  as  to  the  function  of  chloro- 
phyll in  the  animal  organism  is  wanting.  Wohler,  it  is  true,  found 
many  years  ago  that  Chlamydomonas,  Euglena,  dn;.,  evolve  oxygen  in 
sunlight,  and  Schmidt  prepared  from  Euglena  viridis  a  body  isomeric 

•  See  list  in  Saoh's  '*  BoUuiy,"  £ng.  ed.,  p.  687,  note. 
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with  starch,  though  of  widely  different  properties,  his  paramjlon ;  * 
but  these  facts  seemed  as  mnch  to  point  towards  the  algoid  nature  of 
these  long  dispnted  organisms  t  as  to  warrant  our  supposing  a  more  or 
less  vegetable  mode  of  life  in  animals  so  well  organised,  and  so  evidently 
carnivorous  as  Coelenterates  and  Turbellarians,  especially  as  the  only 
recorded  experiment,  that  of  Max  Schultze;|;  on  Vortex  viridis^  yielded  a 
totally  negative  result.  Some  such  hypothesis,  however,  can  hardly 
help  recurring  to  the  observer  of  the  light-seeking  habit  of  Hydra 
viridis. 

Last  spring,  when  at  the  Laboratoire  de  Zoologie  Experimentale  of 
M.  de  Lacaze-Duthiers,  at  Boscoff,  I  was  much  interested  by  the  green 
Bhabdoccele  Planarian,§  Gonvoluta  Schultzii,  0.  Schm.y  crowds  of 
which,  lying  at  the  bottom  of  the  shallow  pools  left  by  the  retreat- 
ing tide,  resembled  at  first  sight  patches  of  green  filamentous  algaa. 
Their  abundance  in  fine  weather  on  the  surface  of  the  white  sand, 
covered  only  by  an  inch  or  two  of  water  apparently  to  bask  in  the  sun, 
was  very  striking,  at  once  suggesting  that  their  chlorophyll  thus  so 
favourably  situated  must  have  its  ordinary  vegetable  functions.  I 
accordingly  returned  to  Boscoff  in  the  autumn  to  make  experiments. 

The  mode  of  procedure  was  evidently  to  expose  the  Planarians  to 
sunlight  to  observe  whether  any  gas  was  evolved,  and  if  so  to  analyse 
it  qualitatively  and  quantitatively.  After  one  or  two  trials  a  form  of 
apparatus — the  simplest  possible — was  found,  which  answered  admir- 
ably. It  merely  consisted  of  a  couple  of  the  round  shallow  glass 
dishes  used  in  the  laboratory  as  small  aquaria,  the  edge  of  one  fitting 
as  nearly  as  possible,  when  inverted,  into  the  bottom  of  the  other. 
Into  the  larger  vessel  were  put  Planarians  enough  to  cover  the  bottom ; 
it  was  then  gently  sunk  in  the  pneumatic  trough  (a  tub  of  sea  water), 
and  the  smaller,  also  full,  inverted  into  it.  The  apparatus  was  then 
placed  on  a  shelf  in  the  sunshine,  and  left  to  itself.  The  movements  of 
the  animals  were  greatly  accelerated  by  the  exposure,  and  in  a  quarter 
of  an  hour  minute  bubbles  of  gas  were  to  be  seen  in  the  film  of  mucus 
plentifully  secreted  by  the  Planarians.  These  babbles  rapidly  increased 
in  number  and  volume  until  they  buoyed  up  the  whole  sheet  of  mucus 
with  its  entangled  Planarians  and  grains  of  sand  to  the  top  of  the 
water  in  the  inverted  dish.  Here  the  evolution  of  gas  continued  more 
actively  than  ever,  until  the  animals  had  disengaged  themselves  and 
descended  to  the  bottom,  there  to  recommence  as  before,  the  mucus 
meanwhile  dissolving  and  allowing  the  bubbles  freely  to  unite.  Thus 
the  first  half  of  the  inquiry  was  answered  in  the  affirmative. 

•  Gorup  Besanez,  "  Traits  d' Analyse  Zoochimique,"  p.  127. 
t  Emglena  is  claimed  by  both  Sachs  and  Claus  in  their  manuals  of  Botany  and 
Zoology  respectively. 

J  "  Beitrftge  zup  Naturgeschichte  der  Tupbellarien." 
§  "Neue  Bliabdoccelen."    Wiener  Sitzungsb.,  1852. 


1879.]     Physiology  and  Histology  o/Convoluta  Schultzii.        451 

The  determiBation  of  the  nature  of  the  evolyed  gas  was  readilj 
effected.  On  transferring  the  qnantitj  prodnced  in  one  or  two  vessels 
to  a  small  test-tube,  and  plunging  into  it  a  match  with  red  hot  tip, 
there  was  to  be  seen  the  white  glow  characteristic  of  dilate  oxjgen. 
A  large  glass  tnbe  of  tolerably  even  calibre,  about  75  centims.  long, 
was  sealed  at  one  end,  and  bent  at  about  two- thirds  of  its  length  from 
that  point  at  an  angle  of  60°.  It  was  then  filled  with  water,  and  the 
water  in  the  long  sealed  arm  almost  entirely  replaced  by  gas  at  the 
pneumatic  trough.  This  comparatively  large  quantity  of  gas,  about 
60  centims.  cube,  was  obtained  by  exposing  a  dozen  or  so  of  apparatuses 
exactly  similar  to  that  described,  except  that  bell-jars,  sealed  funnels, 
&Q.,  sometimes  replaced  the  upper  flat  dish,  and  white  soup  plates  the 
lower.  They  were  set  agoing  about  noon,  and  the  abundant  gas 
yielded  by  thus  exposing  a  surface  of  nearly  a  third  of  a  square  metre 
covered  with  Planarians  was  collected  at  sunset. 

On  agitating  the  gas  with  a  solution  of  potassic  hydrate  a  barely 
appreciable  absorption  of  carbonic  anhydride  took  place,  but  on  the 
addition  of  pyrogallic  acid  with  renewed  agitation,  the  intense  brown 
coloration,  with  rapid  and  considerable  ascent  of  the  fluid  in  the  long 
arm  of  the  tube,  confirmed  the  presence  of  a  large  percentage  of 
oxygen. 

The  results  of  many  experiments  varied  from  43  to  52  per  cent,  of 
oxygen  ;  the  higher  number  representing  the  amount  of  gas  given  ofE 
by  freshly  collected  Planarians,  and  the 'lower  thab  yielded  on  the 
second  or  third  day  of  their  subjection  to  experiment.  In  order  to 
judge  of  the  degree  of  accuracy  which  I  could  obtain  by  this  rough 
method  of  analysis,  I  estimated  by  it  the  oxygen  of  common  air,  and 
obtained  19' 9  per  cent,  instead  of  20*9.  Allowing  for  this  loss  of 
about  5  per  cent.,  it  may  safely  be  asserted  that  the  gas  evolved  by 
these  animals  does  not  contain  less  than  from  45  to  55  per  100  of 
oxygen. 

The  Planarians  are  little  the  worse  after  a  24  hours'  journey  from 
BrOscofE  to  Paris,  and  when  placed  in  an  aquarium  they  instantly 
betake  themselves  to  the  side  next  the  window,  and  live  there  resting 
on  the  bottom  or  clinging  to  the  side  for  four  or  five  weeks  without 
food.  They  certainly  diminish  considerably  in  size,  yet  I  have  little 
doubt  that  they  go  on  decomposing  CO3  and  assimilating  the  carbon 
even  in  the  dull  winter  daylight,  for  when  kept  in  darkness  they 
generally  died  much  sooner. 

The  conspicnousness  of  the  Planarians  on  the  sandy  beach,  far  from 
the  shelter  which  rocks  or  algsB  might  afEord,  has  been  already  men- 
tioned, and  at  first  sight  one  is  apt  to  think  that  they  must  be  the 
easy  prey  of  all  the  larger  shore-frequenting  animals,  and  to  wonder 
that  so  many  escape.  But  the  observation  made  by  Wallace  and  Belt 
for  so  many  higher  animals — ^that  conspicuously  coloured  forms  ox^ 
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nanseoos  and  uneatable — holds  good  here.  So  strong  and  disagreeable 
is  the  odonr,  to  which  the  taste  doubtless  corresponds,  that  this  alone 
might  be  relied  upon  as  a  protection  against  the  least  fastidious  of 
fishes  or  Gmstaceans. 

The  chemical  examination  of  the  animal  yields  results  of  interest. 
Treated  with  alcohol,  a  yellow  substance,  contained  in  small  elongated 
vesicles,  aggregations  of  which  are  dotted  over  the  integument,  dis- 
solves out  very  rapidly,  yielding  a  golden  solution  without  definite 
spectrum.  This  has  of  course  nothing  to  do  with  xanthophyll.  Con- 
tinued treatment  with  alcohol  dissolves  out  the  chlorophyll,  of  which 
the  magnificent  green  solution  is  tolerably  permanent.  As  former 
observers  have  shown,  it  has  a  red  fluorescence,  and  gives  a  spectrum 
closely  resembling  that  of  vegetable  chlorophyll. 

Knowing  that  these  animals  decompose  carbonic  acid,  and  evolve 
oxygen,  one  naturally  enquires  whether  they  do  not  still  more  com- 
pletely resemble  green  plants  in  fixing  the  carbon  in  the  same  way. 
To  answer  this  question,  the*residue  of  the  Planarians,  coagulated  and 
decolorised  by  repeated  treatment  with  alcohol  and  ether,  was  boiled 
with  water,  and  filtered  off.  The  clear  solution  gave  with  iodine  solu- 
tion a  deep  blue  coloration,  which  disappeared  on  heating,  and  reap- 
peared on  cooling,  indicating  the  presence  in  quantity  of  ordinary 
vegetable  starch. 

To  separate  and  purify  this  starch  on  a  large  scale,  some  hundred 
grammes  of  Planarians  were  repeatedly  boiled  in  water.  The  solution 
(which  had  an  intensely  alkaline  reaction)  was  treated  with  four  or 
five  times  its  bulk  of  strong  alcohol,  and  allowed  to  stand  for  some 
days.  The  flocculent  precipitate  was  collected,  decolorised  with 
ether,  and  washed  with  cold  water.  A  great  part  of  it  dissolved, 
leaving  the  starch  behind,  and  the  filtered  solution  gave  with  iodine 
the  red- brown  coloration  characteristic  of  dextrine.  To  ascertain 
whether  this  dextrine  was  naturally  present,  or  had  merely  been  pro- 
duced at  the  expense  of  the  starch  by  boiling  in  alkaline  solution,  fresh 
animals  were  treated  with  cold  water,  but  the  solution  contained  no 
dextrine.  Treatment  of  a  fresh  microscopic  preparation  with  iodine 
showed  the  presence  of  glycogen,  in  the  colourless  amoeboid  cells  of 
the  mesoderm,  but  there  is  no  chemical  means  of  separating  glycogen 
from  starch.  Probably  the  best  way  of  obtaining  pure  starch  from 
these  animals  would  be  by  imitating  the  mechanical  process  of  the 
potato  mill. 

The  intense  alkalinity  of  the  animals  is  very  striking.  Even  in  the 
fresh  state,  but  still  more  when  dried  in  the  warm  chamber,  they  give 
off  vapours  with  an  odour  resembling  that  of  trimethylamine,  and  in 
such  abundance  as  to  cause  neighbouring  solutions  to  yield  the  reac- 
tions of  an  alkaloid.  A  quantity  of  animals  was  distilled,  and  the 
Alkaline  fames  received  in  dilute  hydrochloric  acid.    The  resultant  salt 
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was  purified  by  repeated  gelation  and  recrystallization  in  absolnte 
alcohol.  With  PtCU  it  yielded  a  precipitate,  which  was  kindly  analysed 
for  me  by  Dr.  Magnier  de  la  Source,  and  fonnd  to  be  the  platino- 
chloride  of  methylamine :  however,  it  is  very  probable  that  the  volatile 
alkaloid  was  really  more  complex,  bnt  broke  np  in  the  distillation. 
The  subject  would  repay  the  attention  of  a  chemist.  Trimethylamine 
has  been  obtained  from  many  animal  sources,  and  the  production  of 
this,  or  some  nearly  allied  body,  in  such  remarkable  quantity  by 
Convoluta  seems  to  be  a  protective  specialisation. 

The  ash  of  the  Convoluta  contains  iodine,  another  analogy  to  the 
algsB. 

As  the  Drosera,  DioncBa,  &c.,  which  have  attracted  so  much  atten- 
tion of  late  years,  have  received  the  striking  name  of  Carnivorous 
Plants,  these  Planarians  may  not  unfairly  be  called  Vegetating 
Animals,  for  the  one  case  is  the  precise  reciprocal  of  the  other.  Not 
only  does  the  Dtoncea  imitate  the  carnivorous  animal,  and  the  Con^ 
voluta  the  ordinary  green  plant,  but  each  tends  to  lose  its  own  normal 
character.  The  tiny  root  of  the  Drosera  and  the  half -blanched  leaves 
of  Pinguicula  are  paralleled  by  the  absence  of  a  distinct  alimentary 
canal  and  the  abstemious  habits  of  the  Planarian. 

It  still  remains  to  ascertain  the  behaviour  of  other  green  animals, 
and  I  hope  to  begin  with  Hydra  and  SjpongiUay*  as  soon  as  the  season 
permits. 

Part  II. — Histology. 

The  general  characters  of  the  animal  have  been  already  given  by 
Schmidt,  and  I  need  only  add  that  I  have  succeeded  in  making  out 
the  mouth,  which  lies,  as  usual  in  this  genus,  a  little  way  behind  the 
otolith.  It  is  not  a  mere  transverse  slit,  but  is  surrounded  by  a  Up 
capable  of  slight  protrusion,  which  evidently  corresponds  to  the  pro- 
trusible  pharynx  of  higher  Planarians.  When  feeling  its  way  the 
animal  has  a  curious  habit  of  sharply  retracting  the  terminal  point  of 
the  anterior  ends  of  the  body,  the  head  thus  becoming  bilobed,  with  a 
central  depression.  Each  lobe  becomes  a  sort  of  temporary  tentacle, 
and  these  may  be  compared  with  the  blunt  permanent  head  lobes  of 
allied  forms.  So  too  the  animal  **  when  extremely  contracted  "  throws 
its  smooth  dorsal  integument,  not  into  irregular  wrinkles,  but  into 
rounded  papillae,  which  remind  one  of  the  permanent  dorsal  papillse  of 
other  Planarians. 

I  will  first  notice  an  interesting  point  in  the  histology  of  the  ciliated 
ectoderm.  In  teased  preparations,  kept  cold,  the  ciliated  cells  often 
become  amoeboid,  some  of  the  cilia  changing  into  slender  finger-like  or 
stout  fusiform  pseudopodia.  These  often  retain  their  curvature  parallel 

*  Sorby  has  suggested  the  probably  partial  vegetal  mode  of  life  of  8.  viridis,  and 
resultant  analogy  to  Dionaa,     (**  Quart.  Joum.  Micro.  8cL,"  1875,  p.  61.) 
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to  the  unaltered  cilia,  and  I  have  even  seen  the  finer  psendopodia  con- 
tracting gently  in  time  with  the  cilia  of  the  same  cell,  thus  establishing  , 
a  complete  gradation  between  the  rhythmically  contractile  cilium  sjid 
the  amoeboid  pseudopodium  through  what  is  really  a  rhythmically  con- 
tractile pseudopodium.  HsBckel  and  others  have  accumulated  many 
instances  of  the  transformation  of  ciliary  movement  into  amoeboid  and 
vice  verad,  but  I  only  know  of  one  case  in  which  the  passage-form,  the 
cilium-like  pseudopodium,  has  been  actually  observed.  Lankester,* 
speaking  of  developing  spermatozoa  of  Tub  if  ex,  describes  "  very  large 
active  fusiform  masses,  exhibiting  very  rapid  movements  like  a  cilinniy 
and  possessing  at  the  same  time  the  character  of  a  pseudopodium."  It 
is  important  that  Lankester's  passage-form  occurred  during  the  trans- 
formation of  amoeboid  movement  into  ciliary,  while  I  find  exactly  the 
same  thing  during  the  reverse  change ;  and  it  is  not  improbable  that 
such  ciliary  pseudopodia  may  transitorily  occur  in  many  cases. 

Perhaps  no  animal  structure  has  received  more  varied  and  contra- 
dictory interpretations  than  the  rod-like  bodies  (Stabchen,  hagtiettes)  of 
the  Planarian  integument.  "  Max  Schultze  holds  them  for  end-organs 
of  nerves,  Leuckart  and  many  others  for  nettle-capsules,  Schneider  for 
spicula  amoris,  Keferstein  for  mucous  glands,  Graff  for  more  or  less 
developed  nematocy8ts."t  Two  distinct  kinds  of  organ  exist  in 
Convoluta  and  other  Rhabdocceles,  and  have  been  confused  under  the 
same  name ;  first,  the  heap  of  coloured  rod-shaped  bodies,  the  original 
"  Stabchen  "  of  Max  Schultze,  which  furnish  in  Convoluta  the  yellow 
solution  already  referred  to,  and,  secondly,  large  and  long  spindle- 
shaped  bodies,  generally  arranged  singly,  each  containing  a  sharp  brittle 
needle,  of  which  the  point  lies  close  under  the  apex  of  the  spindle. 
In  a  teased  preparation  they  are  generally  empty,  showing  the  tube  in 
which  the  arrow  lay,  and  with  a  little  granular  protoplasm  hanging 
round  the  mouth  like  the  smoke  of  the  explosion.  The  dart  is  gene- 
rally propelled  for  some  little  distance,  but  sometimes  sticks  in  the 
mouth  of  the  tube.  Graff's  view  J  is  certainly  the  right  one,  that 
these  are  offensive  weapons,  but  they  are  constructed  on  so  distinct  a 
plan  from  those  of  Coelenterates,  that  they  might  better  be  called 
sagittocysts  than  nematocysts.  True  nematocysts  have  been  described 
in  some  other  Planarians. 

Below  the  epidermis  lie  the  circular  and  longitudinal  muscles,  and 
beneath  them  comes  the  layer  of  chlorophyll-containing  cells.  These 
are  clear  and  semi-fluid,  more  or  less  irregular  in  shape,  but  becoming 
spherical  when  separiated.  The  chlorophyll  is  not  collected  into 
granules  as  in  the  higher  plants,  nor  into  drops  as  in  the  green 
cells  of  Vortex   viridis,  but  is   diffused  throughout  the  whole  pro- 

•  "  Quart.  Joum.  Micro.  Sci.,"  1870,  p.  292. 

t  Minot,  "  Studien  an  Tupbellarien,"  "  Sompep'e  Archir,"  III,  4,  1877. 

J  "  ZeitBch.  £.  w.  ZooL,"  xxv.  p.  421. 


1879.]     Physiology  and  Histology  of  Convoluta  Schultzii.     '  455 

toplasm  of  the  cell,  which  is  thus  very  intenselj  coloured.  One,  or 
sometimes  two,  nuclei  are  present,  besides  an  irregular  heap  of 
granules.  It  was  very  difficult  to  break  up  the  cell  completely,  and 
so  liberate  the  granules,  but  in  one  or  two  fortunate  preparations 
treated  with  iodine,  the  blue  coloration  assumed  by  many  of  these 
granules  proved  that  we  have  here  an  actual  deposit  of  starch,  quite 
like  that  which  Sachs  has  shown  to  take  place  within  the  chlorophyll 
granules  of  the  plant.  These  starch  granules  are  many  of  them  so 
minute  as  to  show  Brownian  movements;  the  larger  are  quite 
amorphous,  and  consequently  exhibit  no  polarisation. 

Deeper  than  the  green  layer,  lie  colourless  granular  nucleated  cells, 
which  may  be  spherical  or  branched.  These  yield  with  iodine  the 
red-brown  reaction  of  glycogen  very  conspicuously  indeed.  All  the 
internal  tissues  of  the  animal  are  bathed  in  that  abundant  slimy 
protoplasm  which  has  been  so  often  adduced  in  evidence  of  the 
infusorian  affinities  of  the  lower  Turbellaria.  It  exudes  from  all 
points  of  the  body  of  a  squeezed  Oonvoluta  in  hyaline  drops,  which 
generally  enclose  a  heap  of  cells  of  all  sorts,  and  which  often  show 
amoeboid  movements.  This  semi-fluid  protoplasm  oozing  through  the 
loose  cell  meshes  vdth  every  movement  of  the  body  may  well  serve 
instead  of  a  special  circulatory  fluid.  Digestion  may  also  be  effected 
by  the  amoeboid  protoplasm,  for  it  is  easy  to  confirm  the  statements  of 
Claparede,  Metschnikofi^,*  Ulianin,t  and  GrafE,^  as  to  the  absence  of 
any  distinct  alimentary  canal. 

The  development  of  the  generative  products  is  of  interest.  An 
apparently  ordinary  mesoderm  cell  enlarges  and  divides  into  an  oval 
mass  of  about  12 — 16  segments.  The  granular  protoplasm  of  these 
is  gradually  drawn  out  into  the  very  long  spermatozoa,  and  thus  each 
testicular  mass  is  transformed  bodily  into  a  bundle  of  neatly  folded 
spermatic  filaments.  The  ova  are  also  developed  by  the  division  of  a 
mesoderm  cell.  There  are  no  separate  vitellaria,  but  the  yolk 
granules  seem  to  arise  in  the  finely  granular  amoeboid  protoplasm  of 
the  developing  ovum. 

The  '^  otolith  "is  transparent  and  strongly  refracting.  It  is  loosely 
contained  in  a  capsule  and  shaped  like  a  plano-convex  lens,  but  with 
the  plane  under  surface  very  rugged.  I  can  form  no  hypothesis  as  to 
its  function.  In  some  forms  what  appears  to  be  a  nucleus  is  present, 
and  the  body  is  probably  a  modified  epithelial  cell. 

Everywhere  imbedded  in  the  mesoderm  are  numerous  small  colour- 
less cells  scarcely  so  big  as  a  frog's  red  blood  corpuscle.  These  are 
more  or  less  pear-shaped,  with  a  large  central  cavity ;  and  lining  one 

« 

•  *•  Zoologischep  Anzeigep,"  1878,  p.  887. 

t  "  Die  Turbellarien  vom  Bacht  von  Sebastopol."    Moscow,  1870. 
X  "  Kurze  Ber.  iiber  fortgesetzte  Tarbellariexutudien,'*  Zeitch.  f.  w.  Zool.,  xxx, 
Supp.,  p.  463. 
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side  of  the  interior  of  this  cavity  and  parallel  to  the  long  axis  of  the 
cell,  are  a  number  of  distinct  transparent  homogeneous  filaments  in- 
serted above  and  below  into  the  ordinary  granular  protoplasm  which 
constitutes  the  remainder  of  the  cell.  This  division  of  the  cell  into  a 
granular  and  a  fibrillated  portion  is  similar,  as  Dr.  MalassoB 
suggested  to  me,  to  that  which  obtains  in  the  developing  mascular 
cell  of  a  tadpole's  tail,  and  though  also  somewhat  remotely,  to  the 
structure  described  by  Lankester  in  the  heart  of  Appendicularia*  In 
a  teased  preparation,  some  of  these  cells  are  easily  found  in  a  state 
of  rapid  rhythmical  contraction,  giving  as  many  as  100 — 180  energetic 
beats  per  minute.  The  form  of  the  cell  alters  with  every  pulsation, 
shortening  and  broadening  like  a  contracting  muscle.  This  change 
of  form  is  simply  impressed  upon  the  cell  body  by  the  contraction  of 
the  internal  fibres,  and  does  not  therefore  truly  correspond  to  that 
observed  in  a  muscle.  Some  cells  also  of  extreme  curvature  (for 
hardly  any  two  are  quite  alike)  bend  sharply  and  return  with  a  spring. 
The  movements  soon  become  slow  and  inco-ordinate,  and  waves  can 
be  seen  passing  along  the  separate  fibres  independently  of  each  other. 
The  movement  stops  altogether  and  the  cell  bursts,  but  the  fibres 
resist  for  some  time  longer  the  destructive  action  of  the  water.   * 

I  have  never  been  able  to  observe  any  rhythmical  contraction,  but 
at  most  a  feeble  quivering  within  the  cell  while  in  the  body  of  the 
animal,  nor  to  make  out  any  trace  of  definite  arrangement.  Max 
Schultze  has  described  how  the  alimentary  canal  of  the  higher  Pla- 
narians  swarms  with  Opalince,  and  it  is  possible  that  these  so  singular 
structures  may  be  excessively  modified  parasitic  Infusoria.  In  any 
case,  the  main  histological  interest  lies  in  the  fact  that  these  pulsatile 
cells  cannot  be  classified  either  with  ciliary  or  amoeboid,  with  plain  or 
striated  muscular  cells,  but  present  a  distinct  type  of  contractile 
structure. 

In  one  of  these  bodies,  which  had  come  to  rest  in  the  characteristio 

* 

curved  pear-like  form,  the  nucleus-like  body,  which  is  often  to  be 
seen  at  one  side,  was  distinctly  seen  to  be  in  motion.  It  slowly  dived 
under  the  contractile  filaments,  and  moved  steadily  towards  the 
opposite  side,  displacing  the  fibres  slightly  as  it  pushed  its  way. 
When  it  had  reached  the  middle  the  cell  had  straightened  into  a  per- 
fectly  symmetrical  pear-shape,  and  by  the  time  it  had  reached  the 
opposite  side  the  cell  had  curved  to  the  same  side.  After  a  momentary 
pause  it  commenced  to  go  back  again,  and  the  oscillation  of  this 
singular  body  along  the  transverse  diameter  of  the  cell,  with  the 
accompanying  changes  of  form  of  the  whole,  continued  with  perfect 
steadiness  for  at  least  half  an  hour,  enabling  me  to  draw  all  the  phases 
again  and  again.    One  whole  oscillation  occupied  a  little  over  a  minute.f 

•  '*  Ann.  and  Mag.  Nat.  Hist."  1878,  p.  88. 

t  Figures  will  be  published  in  the  "  ArduTes  de  Zoologie  Exp^rimentale." 
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B.  Boncompagni.  4to.  St.  PStershourg  1877.  The  Editor. 

Plants  (Gaston.)     Recherches  sur  TElectricit^.     8vo.  Paris  1879. 

The  Author  (by  W.  De  La  Rue,  F.R.S.). 

Weber  (H.  F.)  Untersuchungen  iiber  das  Elementargesetz  der  Hydro- 
diffusion.  8vo.  Ziirich  1879.  The  Author. 

Wood  (William.)     Insanity  and  the  Lunacy  Law.  8vo.  London  1879. 

The  Author. 

Zenger  (K.  W.)  tJeber  den  tJrsprung  und  die  Periode  der  Stiirme. 
8vo.  Prog  1878.  The  Author. 

Zittel  (K.  A.)  Zur  Stammes-Geschichte  der  Spongien.  4to.  Munchen 
1878.  The  Author. 


Presents,  March  20,  1879. 

Transactions. 

Amsterdam : — Koninklijke  Akademie  van  Wettenschappen.      Ver- 

handelingen.      Deel  18.   4to.    1879.      Verslagen  en  Mededee- 

lingen.      Afdeeling  Natuurkunde.  2*  Reeks.  Deel  12-13.  Aid. 

Letterkunde.     2®  Reeks.  Deel  7.    8vo.   1878.      Jaarboek  voor 

1877.  8vo.     Processen-Verbaal  van  de  gewone  Vergaderingen. 

1877-78.  8vo.     Idyllia  aliaque  Poemata.  8vo.  1878. 

The  Academy. 
Calcutta: — Asiatic    Society    of    Bengal — Journal.     Vol.    XL VII. 

Part  I.  No.  2-3.  Part  II.  No.  3.  8vo.  1878.  Proceedings.  1878. 

No.  7-8.  8vo.  The  Society. 

Calcutta: — Geological    Survey     of    India.      Records.     Vol.    XI. 

Part  IV.  4to.  1878.  The  Survey. 

Edinburgh: — Royal  Society.     Transactions.  Vol. XXVIII.  Part II. 

4to.  1878.     Proceedings.     Session  1877-78.  8vo.  1878. 

The  Society. 
London : — Odontological   Society.      Transactions.    Vol.  X.   No.  8. 

Vol.  XI.  No.  1-3.  8vo.  1878-9.  The  Society. 

London: — Royal      Astronomical       Society.       Monthly      Notices. 

Vol.  XXXVIII.  No.  9.  Vol  XXXIX.  No.  1-4.  8vo.  1878-79. 
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Transactions  (^continued), 

Montreal: — Natural  History   Society.      Canadian  Naturalist  and 

Quarterly  Journal  of  Science.   New  Series.    Vols.  VII-VIII. 

8vo.  1878.  The  Society. 

Paris : — ^Mns^mn     d'Histoire     Natnrelle.       Nonvelles     Archives. 

2«  Serie.  Tome  I.  Fasc.  1-2.  4to.  1878.  The  Muaenm. 

Toronto: — Canadian    Institute.      Canadian    Journal    of    Science, 

Literature,  and  History.  Vol.  XV.  No.  8.  8vo.  1878. 

The  Institute. 
Toulouse : — ^Acc^emie  des  Sciences,  Inscriptions  et  Belles  Lettres. 

Memoires.  7*  Serie.  Tome  X.  8vo.  1878.  The  Academy. 


Carruthers  (Rev.  G.  T.)     New  Solar  Element.  8vo.  Nagfur  1879. 

The  Author. 

Harris  (John.)  Two  Lectures  on  the  Circle  and  the  Straight  Line. 
Lecture  I.  4to.  London  1879  (two  copies).  Geometrical  Demonstra- 
tion of  the  Ratio  of  the  Circle's  Circumference  to  the  Diameter. 
4to.  1879  (two  copies).  The  Author. 

McCoy  (F.)  Prodromus  of  the  Palaeontology  of  Victoria.  Decade  V. 
roy.  8vo.  Melbourne  1877.  The  Geological  Survey  of  Victoria. 

Wartmann  (E.)  Rapport  du  President  de  la  Soci6t6  de  Physique  et 
d'Histoire  Naturelle  de  Geneve,  pour  la  periode  du  1*  Juillet  1877 
an  31  Decembre,  1878.  4to.  The  Society. 
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Presents,  March  27,  1879. 
Transactions. 

Batavia: — Bataviaasch    Genootschap  van   Kunsten    en   Wettens- 
chappen.      Verhandelingen.    Deel  39.     Stuk   1.      roy.    8vo. 

1877.  Tijdsehrifl  voor  Indische  Taal-Land-en  Volkenkunde. 
Deel  24.  Afl.  4-6.  Deel.  25.  Afl.  1.  8vo.  1877-78.  Notulen 
van  de  Algemecne  en  Bestuurs-Vergaderingen.  Deel  15. 
No.  1-4.  Deel  16.  No.  1-2.  8vo.  1877-78.  Gedenkboek  van 
het  100  jarTg  Bestaan  van  het   Genootschap.     Deel  1.  4to. 

1878.  Feestverslag.  4to.  1878.  Tweede  Vervolg-Catalogns 
der  Bibliothek.  8vo.  1877.  The  Society. 

Berlin : — Koniglich-Preussische     Akademie     der    Wissenschaften. 

Politische  Correspondenz   Friedrich*s  des   Grossen.    Band   1. 

4to.  1879.  The  Academy. 

Brussels : — ^Musee  Royal  d'Histoire  Naturelle  de  Belgique.   Annales. 

Tome  I.      Description  des  Ossements   Fossiles   des  Environs 

d'Anvers,  par  P.  J.  van  Beneden.    P  partie  (avec  un  Atlas.) 
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Transactions  (continued^. 

Tome  II.     Fanne  da  Calcaire  Carbonif&re  de  la  Belgiqne,  par 

L.  G.  de  Koninck  (avec  tin  Atlas.)  Folio.  Bruxelles  1877-78. 

The  Museum. 
London: — Physical  Society.     Proceedings.  Vol.  II.    Part  V.  8vo. 

1879.  The  Society. 

Paris  : — Societ6  Francaise  de  Physique.     Stances,  Juillet — D^cem- 

bre  1878.  8vo.  The  Society. 

Trieste : — Societa  Adriatica  di  Scienze  NaturalL  Bollettino.  Vol.  IV, 

No.  II.  8vo.  1879.  The  Society. 


Reports,  &c. 

London  : — Army  Medical  Department.     Report  for  the  year  1877. 

Vol.  XIX.  8vo.  1879.  The  Department. 

Paris : — Bureau  des  Longitudes.    Connaissance  des  Temps  pour  Tan 

1880.  8vo.  1878.  Annuaire.  1879.  12mo.  The  Bureau. 


Loewy  (M.)     Eph6m6rides  des  Stoiles  de  culmination  lunaire  et  de 
Longitude  pour  1879.  4to.  Pa/ris  1878.  The  Author. 

et  F.  Perrier.     Determination  Telegraphique  de  la  difference 

de  la  Longitude  entre  Paris  et  TObservatoire  du  Dep6t  de  la 
Guerre  a  Alger  (Colonne  Voirol).  4to.  Paris  1877. 

The  Authors. 

et  —  Stephan.     Determination  de  la  Difference  des  Longitudes 

entre  Paris-Marseille  et  Alger- Marseille.     Paris  1878. 

The  Authors. 

Siragusa  (F.  P.  C.)     L'Anestesia  nel  Regno  Vcgetale.  8vo.  Palermo 

1879.  The  Author. 


AprU  3,  1879. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  Right  Hon.  Richard  Assheton  Cross,  whose  certificate  had  been 
suspended  as  required  by  the  Statutes,  was  balloted  for  and  elected 
a  Fellow  of  the  Society. 

Pursuant  to  notice,  Arthur  Auwers,  Luigi  Cremona,  Jean  Louis 

VOL.  XXVIII.  ^  H. 


U\'2  Oil  the  Therinnl  Condurtlviifj  of  Water,  [-^P^'»  '^^ 

Armand  de  Quatrefages,  Georg  Hermann  Quincke,  Theodor  Schwann, 
and  Jean  Servais  Stas  were  balloted  for  and  elected  Foreign  Members 
of  the  Society. 

The  following  Papers  were  read  :-* 


I.  "  On  the  Thermal  Conductivity  of  Water/'  By  J.  T.  BoT- 
TOMLEY,  Lecturer  in  Natural  Philosophy  and  Demonstrator 
in  Experimental  Physics  in  the  University  of  Glasgow. 
Communicated  by  Professor  Sir  WiLLlAM  THOMSON,  LL.D^ 
F.R.S.    Received  March  11,  1879. 

(Abstract.) 

The  experiments  described  in  this  paper  were  undertaken  at  the 
instance  of  Sir  William  Thomson  and  by  a  method  devised  by  him. 

The  liquid  whose  thermal  conductivity  is  to  be  determined  is  heated 
from  above,  to  avoid  convection  currents.  Two  methods  of  heating 
have  been  used.  In  one,  a  horizontal  steam  chamber  is  applied  at  the 
top  of  the  water  or  other  liquid ;  and,  steam  being  continuously  pajssed 
through  the  heating  chamber,  the  surface  of  the  liquid  under  experi- 
ment is  kept  at  a  very  high  temperature,  and  heat  is  conducted  from 
above  downwards.  In  the  other  method  a  large  quantity  of  very  hot 
water  is  deposited  on  the  top  of  a  mass  of  cold  water,  mixing  being 
prevented  by  a  simple  contrivance ;  and  the  heat  of  this  super- 
incumbent layer  is  conducted  downwards  through  the  colder  water 
below. 

The  experiments  have  been  carried  on  in  very  large  vessels,  or 
tanks,  in  order  to  avoid  disturbance  by  means  of  loss  of  heat  at  the 
sides.  It  is  intended,  at  the  suggestion  of  Professor  Clerk  Maxwell, 
to  observe  the  loss  of  heat  by  the  sides  under  given  circumstanoes, 
and  to  estimate,  from  results  of  such  experiments,  the  probable  error 
due  to  this  loss. 

In  the  experiments  three  principal  thermometers  are  employed; 
together  with  a  fourth,  whose  object  is  merely  to  show  when  heat 
begins  to  be  lost  at  the  bottom  of  the  layer  of  fluid  experimented  on. 
When  this  loss  commences  the  experiment  is  at  an  end.  The  other 
three  thermometers  are  used  thus : — First  there  is  a  thermometer 
with  a  bulb  30  centims.  long.  It  is  placed  vertically ;  and  its  object 
is  to  show  the  average  temperature  from  top  to  bottom  of  the  layer  of 
fluid  bounded  by  horizontal  planes  passing  through  the  top  and 
bottom  of  its  bulb.  The  rise  of  this  thermometer  in  any  time  shows 
the  quantity  of  heat  that  has  passed  into  the  stratum  occupied  by  it 
in  that  time.  The  other  two  thermometefs  are  placed  with  their 
bulbs  horizontal,  and  one  at  a  known  distance  vertically  above  the 
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other.  Thej  indioate  the  temperatures  of  the  layers  in  which  they 
are  placed. 

Now,  if  we  know  the  difference  of  temperatures  of  two  sides  of  a 
stratum  of  a  liquid  during  any  time,  and  the  quantity  of  heat  eon- 
ducted  across  the  stratum  during  that  interval  of  time,  we  can 
calculate  the  thermal  conductivity  of  the  liquid  by  means  of  a  well- 
known  formula. 

The  result  arrived  at  by  the  experiments  described,  is  that  the 
thermal  conductivity  of  water  may  be  taken  at  from  '0022  to  '00245 
in  square  centimetres  per  second.. 

Some  experiments  have  been  made  on  the  thermal  conductivity  of 
solution  of  sulphate  of  zinc,  a  solution  which  happened  to  be  con- 
venient for  preliminary  trials.  The  specific  heat  of  solution  of 
sulphate  of  zinc  at  different  densities,  which  it  is  necessary  to  know 
for  comparison  as  ta  thermal  conductivity  of  that  liquid  with  water, 
has  been  determined.. 

Experiments  are  now  being  carried  on  on  this  subject  with  the 
assistance  of  a  grant  from  the  Government  Fond  of  4,000Z. 


II.  "  The  Preparation  in  a  State  of  Purity  of  the  Group  of 
Metals  known  as  the  Platinum  Series,  and  Notes  upon  the 
Manufacture  of  Iridio-Platinum."  By  GEORGE  Matthey. 
Communicated  by  F.  A.  Abel,  C.B^  F.RS.  Received 
March  19,  1879. 

In  this  paper  it  is  not  my  intention,  nor  shonld  I  be  abloi  to  refer 
generally  to  the  results  of  work  in  the  various  branches  of  platinum 
metallurgy  carried  out  by  my  firm,  who,  as  is  well  known,  have  been 
associated  with  the  development  of  this  special  field  of  industry  from 
its  earliest  infancy ;  but  I  shall  confine  myself  simply  to  that  section 
of  it  upon  which  my  personal  attention  has  of  late  years  been  speci- 
fically concentrated  in  order  to  meet  and  comply  with  the  requisition 
of  the  Bureau  Internationale  des  Poids  et  Mesures,  the  Section 
Fran^aises  dela  Commission  Internationale  du  Metre,  and  of  VAsso- 
ciation  Geod^sique  Internationale  (all  of  them  important  scientific 
committees,  formed  with  the  object  of  arriving  at  an  accurate  and 
definite  solution  of  the  long  agitated  question  of  standard  weights 
and  measures),  and  also-  at  the  demand  of  the  Frencb Minister  of  War, 
for  an  alloy  the  best  adapted  for  the  manufacture  of  the  international 
metre  and  kilogram  standard,  and  the  geodesique-rule;  and  in  my  endea- 
vour to  solve  this  difficult  problem  I  have  had  the  great  advantage  of 
being  able  to  consult  those  distinguished  men,  M.M.  Henri  Sainte 
Claire  Deville  and  Henri  Debray,  of   Paris,  and  have  also  had  tiie 
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benefit  of  the  cjKcellent  and  valued  advice  of  M.  Stas,  the  celebrated 
Belgian  chemist,  to  all  of  whom  the  scientific  world  owe  so  mnch,  and 
to  whom  I  desire  to  offer  my  warmest  thanks. 

In  a  paper  of  this  kind  it  would  be  superfiuoos  for  me  to  enter  into 
anj  of  the  already  published  details  concerning  the  existence  and 
collection  of  what  is  known  as  platinum-dust  or  mineral.  It  is  soffit 
cient  for  me  to  observe  that  the  six  metals  (of  which  platinum  is  the 
chief)  usually  found  more  or  less  in  association  in  their  native  state, 
present  characteristics  of  interest  beyond  their  metallurgical  utility, 
which  are,  perhaps,  worth  alluding  to  en  passant.  It  is,  for 
instance,  a  curious  fact  that  the  group  should  consist  of  three  light 
and  three  heavy  metals,  each  division  being  of  approximately  the 
same  specific  gravity — the  heavier  being  (in  round  figures)  just  double 
the  density  of  the  lighter  series. 

Thus  we  find  osmium,  iridium,  platinum  forming  the  first  division, 
of  the  respective  specific  gravities  of  22'43,  22*39,  21'4j6;  whilst 
ruthenium,  rhodium,  and  palladium  are  represented  by  the  figures 
11'40,  11*36,  11,  the  average  densities  of  the  heavy  and  light  divisions 
thus  being  respectively  22*43  and  11*25. 

But  a  more  interesting  and  important  classification  is  what  I  may 
designate  as  a  first  and  second  class  series,  from  the  more  important 
view  of  their  relative  properties  of  stability.  Thus  platinum,  palla- 
dium, and  rhodium  form  the  first  or  higher  class,  not  being  volatili^ 
able  in  a  state  of  oxide  ;  iridium,  osmium,  and  ruthenium  forming  the 
second  or  lower  class,  their  oxides  being  more  or  less  readily  volati- 
lized. 

The  oxide  of  iridium  is  affected  at  700  to  800°  C,  and  entirely  decom- 
posed at  1,000°,  whilst  osmic  and  hypomthenic  acids  are  volatilized  at 
the  low  degree  of  100°,  the  latter  exploding  at  108°.  The  chlorides 
of  these  metals  can  be  sublimed  at  different  temperatures  (as  also  the 
protochloride  of  platinum). 

I  now  propose  to  give  a  short  description  of  the  methods  I  have 
employed  for  preparing  the  pure  platinum  and  iridium  necessary  for 
the  manufacture  of  the  alloy,  which  I  call  "  iridio- platinum,"  and  it 
is  upon  the  distinguishing  characteristics  above-mentioned  that  my 
method  of  separation  is  chiefly  founded. 

Platinum.' 

The  preparation  of  this  metal  to  a  state  of  purity  is  an  operation 
of  extreme  delicacy.  I  commence  by  taking  ordinary  commercial 
platinum ;  I  melt  this  with  six  times  its  weight  of  lead  of  ascertained 
purity,  and,  after  granulation,  dissolve  slowly  in  nitric  acid  diluted  in 
tne  proportion  of  1  volume  to  8  of  distilled  water.  The  more  readily  to 
ensure  dissolution,  it  is  well  to  place  the  granulated  alloy  in  porcelain 
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baskets  such  as  are  nsed  in  the  mannfacttire  of  chlorine  gas  for  holding 
the  oxide  of  manganese. .  When  the  first  charge  of  acid  is  sufficiently 
saturated,  a  fresh  quantity  should  be  added  until  no  more  action  is 
apparent ;  at  this  stage  the  greater  part  of  the  lead  will  have  been 
dissolved  out  together  with  a  portion  of  any  copper,  iron,  palladium, 
or  rhodium  that  may  have  been  present.  These  metals  are  subsequently 
extracted  from  the  mother-liquors,  the  nitrate  of  lead  by  crystallization, 
and  the  remaining  metals  by  well-known  methods. 

The  metallic  residue  now  obtained  will  be  found  in  the  state  of  an 
amorphous  black  powder  (a  form  most  suitable  for  further  treatment), 
consisting  of  platinum,  lead,  and  small  proportions  of  the  other  metals 
originally  present — the  iridium  existing  as  a  brilliant  crystallina  sub- 
stance insoluble  in  nitric  acid.  After  digesting  this  compound  in 
weak  aqua  regia,  an  immediate  dissolution  takes  place  of  the  platinum 
and  lead,  leaving  the  iridium  still  impure,  but  effecting  a  complete 
separation  of  the  platinum. 

To  the  chloride  of  platinum  and  lead  after  evaporation  is  added 
sufficient  sulphuric  acid  to  effect  the  precipitation  of  the  whole  of  the 
lead  as  a  sulphate,  and  the  chloride  of  platinum  after  dissolution  in 
distilled  water  is  treated  with  an  excess  of  chloride  of  anunonium  and 
sodium,  the  excess  being  necessary  in  order  that  the  precipitated 
yellow  double  salt  may  remain  in  a  saturated  solution  of  the  pre- 
cipitant. The  whole  is  then  heated  to  about  80°,  and  allowed  to  stand 
for  some  days ;  the  ammonio-chloride  of  platinum  will  settle  down  aa 
a  firm  deposit  at  the  bottom  of  the  vessel,  whilst  if  any  rhodium,  as  is 
generally  the  case,  is  present,  the  surface  liquor  will  be  coloured  a 
rose  tint,  occasioned  by  a  combination  of  the  salts  of  the  two  metals. 

The  precipitate  must  be  repeatedly  washed  with  a  saturated  solu- 
tion of  chloride  of  ammonium  and  subsequently  with  distilled  water 
charged  with  pure  hydrochloric  acid.  This  is  necessary  for  its  puri- 
fication. The  small  quantity  of  the  double  salt  which  will  be  taken 
up  and  held  in  solution  is  of  course  recovered  afterwards.  Rhodium 
may  still  exist  in  the  washed  precipitate,  which  must  therefore  not  be 
reduced  to  the  metallic  state  until  its  separation  is  completed,  and 
this  is  best  effected  by  mixing  with  the  dried  compound,  salts  of 
chloro-platinate  and  chloro-rhodiate  of  ammonia,  bi-sulphate  of  potash 
with  a  small  proportion  of  bi-sulphate  of  ammonia,  and  subjecting  to 
a  gradual  heat  brought  by  degrees  up  to  a  dull  red  in  a  platinum 
capsule,  over  which  is  placed  an  inverted  glass  funnel.  The  platinum 
is  thus  slowly  reduced  to  a  black  spongy  porous  condition  freed  from 
water,  nitrogen,  sulphate  of  ammonia,  and  hydrochloric  acid,  the 
rhodium  remaining  in  a  soluble  state  as  bi-sulphate  of  rhodium  and 
potash,  which  can  be  dissolved  out  completely  by  digesting  in  boiling 
distilled  water ;  a  small  quantity  of  platinnm  will  have  been  taken  up 
in  a  state  of  sulphate,  but  is  regained  by  heating  the  residue  (obtained 
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on  evaporation)  to  redness,  at  which  heat  it  is  rednced  to  the  metallic 
condition,  the  rhodium  salt  remaining  nndecomposed. 

By  the  method  above  described  the  platinum  is  freed  not  only  from 
rhodium,  but  from  all  other  metals  with  which  it  may  have  been  con- 
taminated, and  is  broaght  to  a  state  of  absolute  purity,  of  the  density 
21*46,  the  highest  degree  obtainable. 

Iridium, 

In  the  preparation  of  this  metal  when  intended  to  be  used  for  the 
manufacture  of  iridio-platinum  alloy,  I  have  arrived  at  freeing  it  to 
the  utmost  possible  extent  from  all  its  associate  metals,  except  plati- 
num, disregarding  the  presence  of  the  latter ;  the  proportion  of  which, 
once  determined,  would  only  form  matter  of  calculation  in  the  final 
operation  of  mixing  my  alloy. 

In  practice,  the  purest  iridium  which  can  be  obtained  from  its 
ordinary  solution  (deprived  of  osmium  by  long  boiling  in  aqua  regia 
and  precipitated  by  chloride  of  ammonium)  will  almost  invariably 
contain  traces  of  platinum,  rhodium,  ruthenium,  and  iron. 

I  fuse  such  iridium  in  a  fine  state  of  division  with  ten  times  its 
weight  of  lead,  keeping  it  in  a  molten  state  for  some  honrs,  dissolve 
out  the  lead  with  nitric  acid,  subject  the  residue  to  a  prolonged 
digestion  in  aqua  regia,  and  obtain  a  crystalline  mass  composed  of 
iridium,  rhodium,  ruthenium,  and  iron,  in  a  condition  suitable  for  my 
further  treatment.  By  fusion  at  a  high  temperature  with  an  ad- 
mixture of  bi-sulphate  of  potash,  the  rhodium  is  almost  entirely  removed, 
any  remaining  trace  being  taken  up  together  with  the  iron  in  a  later 
operation.  The  iridium  so  far  prepared  is  melted  with  ten  times  its 
weight  of  dry  caustic  potash,  and  three  times  its  weight  of  nitre,  in  a 
gold  pan  or  crucible ;  the  process  being  prolonged  for  a  considerable 
time  to  effect  the  complete  transformation  of  the  material  into  iridiate 
and  ruthenate  of  potash,  and  the  oxidation  of  the  iron ;  when  cold, 
the  mixture  is  treated  with  cold  distilled  water.  The  iridiate  of 
potash  of  a  blue  tinge  will  remain  as  a  deposit  almost  insoluble  in 
water,  more  especially  if  slightly  alkaline,  and  also  the  oxide  of  iron. 

This  precipitate  must  be  well  washed  with  water  charged  with  a 
little  potash  and  hypochlorite  of  soda  until  the  washings  are  no  longer 
coloured,  and  then  several  times  with  distilled  water. 

The  blue  powder  is  then  mixed  with  water  strongly  charged  with 
hypochlorite  of  soda,  and  allowed  to  remain  for  a  time  cold,  then 
warmed  in  a  distilling  vessel,  and  finally  brought  up  to  boiling  point 
until  the  distillate  no  longer  colours  red,  weak  alcohol  acidulated  with 
hydrochloric  acid. 

The  residue  is  again  heated  with  nitre  and  potash  water  charged 
with  hypochlorite  of  soda  and  chlorine,  until  the  last  trace  of 
ratheninm  has  disappeared. 
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Fnrther,  to  cany  out  the  purification,  the  blue  powder  (oxide  of 
iridiam)  is  re-dissolved  in  aqua  regia,  evaporated  to  dryness,  re-dis- 
solved in  water,  and  filtered. 

The  dark-coloured  solution  thus  obtained  is  slowly  poured  into  a 
concentrated  solution  of  soda  and  mixed  with  hypochlorite  of  soda, 
and  should  remain  as  a  clear  solution  without  any  perceptible  pre- 
cipitate, and  subjected  in  a  distilling  apparatus  to  a  stream  of  chlorine 
gas,  should  not  show  a  trace  of  ruthenium  when  hydrochloric  acid  and 
alcohol  are  introduced  into  the  receiver.  In  this  operation  the 
chlorine  precipitates  the  greater  part  of  the  iridium  in  a  state  of  blue 
oxide,  which  after  being  collected,  washed,  and  dried,  is  placed  in  a 
porcelain  or  glass  tube,  and  subjected  to  the  combined  action  of 
oxide  of  carbon  and  carbonic  acid  obtained  by  means  of  a  mixture  of 
oxalic  with  sulphuric  acid  gently  heated. 

The  oxide  of  iridium  is  reduced  by  the  action  of  the  gas  leaving 
the  oxide  of  iron  intact,  the  mass  is  then  heated  to  redness  with 
bi-sulphate  of  potash  (which  will  take  up  the  iron  and  any  remaining 
trace  of  rhodium)  and  after  subjecting  it  to  many  washings  with 
distilled  water,  the  residue  is  washed  with  chlorine  water  to  remove 
any  trace  of  gold,  and  finally  with  hydrofluoric  acid,  in  order  to  take 
out  any  silica  which  might  have  been  accidentally  introduced  with 
the  alkalies  employed  or  have  come  off  the  vessels  used. 
'  The  iridium  ai\:er  calcination  at  a  strong  heat  in  a  charcoal  crucible, 
is  melted  into  an  iugot,  and  after  being  broken  up  and  boiled  in 
hydrochloric  acid,  to  remove  any  possible  trace  of  iron  adhering  to  it 
through  the  abrasion  in  breaking  up,  should  possess  if  perfectly  pnre 
a  density  of  22'39 ;  but,  as  iridium  prepared  even  with  the  utmost 
care  will  still  contain  minut«  though  almost  inappreciable  traces  of 
oxygen,  ruthenium,  rhodium,  and  possibly  iron,  the  highest  density  I 
have  yet  attained  is  22*38. 

AUoy  of  Iridio  Platinum, 

This  compound  metal  possesses  physical  properties  of  great  value, 
forming  a  beautiful  example  of  the  effect  of  a  careful  combination  of 
the  opposite  characteristics  of  its  component  parts.  Thns,  the 
extreme  softness  and  expansiveness  of  pure  platinum  and  the  brittle- 
ness  and  excessive  hardness  of  pure  iridium,  produce,  by  combination 
in  judicious  proportions,  a  perfect  and  homogeneous  alloy,  possessing 
the  necessary  mean  of  these  properties  to  render  it  suitable  for  many 
important  purposes,  amongst  others  that  of  the  special  object  to  be 
attained  to  meet  the  requirements  for  an  unalterable  standard  metal, 
for  which  it  is  peculiarly  adapted. 

In  the  manufacture  of  the  prototype  metres  and  the  geodesique 
rules  (each  4  metres  in  length)  ordered  from  my  firm  by  the  Comity 
Internationale  des  Poids  et  Mesures,  the  Association  G^od^sique  In- 
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temationale,  and  the  French  Minister  of  War,  I  proceeded  in  the 
following  manner  with  the  platinum  and  iridium  prepared  as  described 
above. 

Operating  upon  a  charge  of  450  ounces  of  platinum  and  55  ounces 
of  iridium,  I  commenced  by  melting  these  metals  together  and  casting 
into  an  ingot  of  suitable  shape,  which  I  then  cut  into  small  pieces 
with  hydraulic  machinery.  After  re-melting  and  retaining  in  a  molten 
condition  under  a  powerful  blast  of  oxygen  and  common  gas  for  a 
considerable  time,  I  re-cast  and  forged  at  an  intense  white  heat  under 
a  steam  hanmier,  the  highly  polished  surfaces  of  which  were  cleaned 
and  polished  after  each  series  of  blows — ^when  sufficiently  reduced  it 
was  passed  through  bright  polished  steel  rollers,  cut  into  narrow 
strips,  and  again  slowly  melted  in  a  properly  shaped  mould,  in  which 
it  was  allowed  to  cool.  I  thus  obtained  a  mass  of  suitable  shape  for 
forging,  perfectly  solid,  homogeneous,  free  from  fissures  or  air-holes,  and 
with  a  bright  and  clean  surface  at  bottom  and  sides  as  at  top.  At  the 
first  forging  a  bar  was  obtained  35  centims.  long,  7*5  wide,  2*5  thick, 
which  weighed — 

In  air 15*105  grms. 

In  water  at  70T 14*405      „ 

Showing  a  density  at  zero  of    21*522 

A  third  of  the  bar  was  cut  off  and  the  larger  portion  again  forged  to 
a  length  of  95  centims.,  width  2*5>  thickness  2*0,  which  weighed — 

In  air 10*814  grms. 

In  water  at  60^  P 10*315      „ 

Showing  a  density  at  zero  of    21*648 

This  was  then  passed  through  highly  polished  rolls  until  of  a  length 
of  4,010  centims.  21  millims.  in  width,  and  5  millims.  thick,  to 
which  a  perfectly  rectangular  form  was  subsequently  given  by  draw- 
ing it  through  a  series  of  plates,  and  thus  prepared  the  rule  was  in  a 
condition  to  receive  the  beautiful  polish  of  which  this  alloy  is  sus- 
ceptible. 

After  passing  it  through  each  hole  the  metal  was  annealed  by 
means  of  a  jet  of  gas  and  oxygen  to  a  heat  just  below  melting  point, 
and  each  time  throughout  after  forging,  rolling,  and  drawing  was 
exposed  to  the  action  of  melted  borax,  and  boiled  in  concentrated 
hydrochloric  acid  to  reniove  any  possible  trace  of  adherent  iron  or 
other  impurity. 

A  piece  cut  from  the  end  and  presented  to  the  French  Academy  of 
Science  gave  the  following  results : — 

Weight  in  air 116*898  grms. 

„  water    ....     111*469      „ 

Showing  a  density  of.  •       21*516 


» 
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thus  proving  that  the  necessary  processes  of  annealing  at  a  high 
temperature  had  caused  it  sensibly  to  resume  its  original  density. 
The  analysis  gave — 

1.  2. 

Platinum   89-40  89*42 

Iridium 1016  1022 

Rhodium    0*18  0*16 

Ruthenium    0*10  O'lO 

Iron    006  0*06 

99-90  99-96 

From  which  is  deduced : — 

Ficpoition.  Deiudtj  at  zero.  Yolume. 

Iridio-pktinum,  at  10  per  cent.   99*33  21-575  4*603 

Iridium,  in  excess 0*23  22-380  0*010 

Rhodium 0*18  12  000  0-015 

Ruthenium 0*10  12*261  0*008 

Iron 0-06  7-700  0*008 

99*90  4*644 

Density  at  zero,  calculated  after  No.  1  analysis. .. .  21  * 510 
Density  at  zero,  calculated  after  No.  2        „       ...  .21  '515 

thus  coinciding  perfectly  with  the  practical  results  obtained. 

Messrs.  Leon  Brunner  Brothers,  of  Paris,  who  had  submitted  this 
material  of  the  gcodcsique  rule  to  a  great  number  of  mechanical 
experiments,  communicated  the  result  of  their  observations  to  M.  H. 
Sainte-Claii-e  Deville,  thus : — 

"  Paris,  27  Aout,  1878. 
"  Monsieur, 

"  La  division  de  la  regie  g^odesique,  que  nous  faisons  pour  TAa- 
sociation  Geodesique  Internationale,  est  termin^e  depuis  quelques 
jours. 

"  Nous  avons  pense  que  vous  ne  seriez  pas  m^content  d'apprendre 
que  cette  operation  a  parfaitement  r6ussi,  et  que  c'est  au  metal  que 
nous  attribuons  la  facilite  avec  laquelle  nous  avons  pu  Texecuter. 

**  Le  platine  iridie  de  M.  Matthey  est  incontestablement  superieur  au 
platine  ordinaire,  pour  la  confection  des  regies  divisees.  II  est  exempt 
de  ces  pailles  qu'on  rencontre  tou jours  dans  co  dernier,  et  se  laisse  polir 
au  charbon.  On  pcut,  sans  danger,  enlever  les  r^barbes  des  traits  et 
les  conserver  tres  beaux.  Le  platine  ordinaire  ne  peut-etre  poli  qu'au 
papier  a  emere,  et  Ton  est  tou  jours  expos6  k  gslter  la  division  quand 
on  proc6de  k  Tebarbage.     C'est  la  un  inconvenient  tr^s-grave. 

"  Nous  ne  pouvons  que  vous  remercier,  Monsieur,  d'avoir  mis  i 
notre  disposition  un  metal  qui  modifie  singulierement  les  difficult^ 
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qu'on  rencontre  dans  la  fabrication  d*une  regie  geodesiqne,  et  nous 
Yons  prions  de  recevoir  rassurance  de  nos  sentiments  les  plus  dis- 
tingnes. 

"  Beunneb  Fberes." 

In  the  year  1876  the  suggestion  was  made  to  supersede  the  reo- 
tangnlar  form  bj  a  tubular  one,  and  I  was  requested  to  produce  one 
of  the  following  dimensions :  Length,  1,002  centims. ;  exterior  diameter, 
37  millims. ;  interior  diameter,  35  millims. ;  with  ronnded  ends,  one 
haying  an  extension  of  small  tube  4  millims.  exterior  diameter, 
2  millms.  interior  diameter,  40  millms.  long,  which  I  did  by  the 
system  of  tnbe  making  with  autogenous  joints  adopted  by  me  with 
excellent  results  for  the  last  20  years,  employing  for  the  purpose  an 
alloy  prepared  as  above  described.  These  proved  to  be  so  satisfactory 
that  I  have  since  made  others,  both  round  and  sqoare,  of  various 
dimensions,  as  lately  shown  at  the  Paris  Exhibition. 

Iridio-platinum  alloy  has  now  been  proved  to  possess  the  following 
among  many  advantages  for  standard  rules  and  weights  : — 

It  is  almost  indestructible,  has  extreme  rigidity,  especially  in  the 
tube  form,  and  a  most  beautifully  polished  surface  can  be  obtained 
upon  it ;  its  coefficient  of  elasticity  is  very  great,  whilst  for  standard 
weights  its  high  density  is  a  valuable  quality,  and  for  these  I  should 
indeed  recommend  an  alloy  of  not  less  than  20  per  cent,  of  iridium. 
I  lately  made  at  the  request  of  M.  H.  Sainte-Claire  Deville  a  cylinder 
40  millims.  by  40  millims.  of  such  an  alloy,  which  showed  by  analysis 
the  following  proportions)  : — 

Platinum    80*6600 

Iridium 19  0786 

Rhodium    -1220 

Ruthenium     '0460 

Iron    -0980 

100-0046 
and  gave  the  denwty  of  21  •  614. 

With  such  a  high  density  its  coefficient  of  elasticity  is  22*200000, 
one  of  the  highest  known,  whilst  its  malleability  and  ductility  are 
almost  without  limit. 

The  volume  of  the  kilogram  thus  prepared  is  only  46*266  cub. 
cemtiras.,  it  displaces  2  *267  cub.  centims.  less  than  the  kilogram  of 
the  archives  of  France,  and  on  this  account,  as  on  many  others, 
is  of  course  preferable. 

The  results  I  have  arrived  at  in  preparing  alloys  of  higher  grades, 
viz.,  25 — 30—40  and  50  per  cent,  of  iridium,  are  as  follows : — 

The  alloy  of  20  per  cent,  iridium  is,  as  I  have  stated  already,  mal- 
leable  and  ductile. 

25  per  cent,  can  only  with  great  difficulty  and  waste  be  worked 
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into  sheet  and  wire  when  heated  at  low  temperature.  30  per  cent, 
and  40  per  cent,  with  great  difficulty  pnlj  at  a  temperature  little  less 
than  melting  point,  heing  brittle  when  cold,  but  with  a  grain  of  great 
beauty  and  fineness. 

50  per  cent.  I  have  as  yet  failed  to  work  up  into  forms  other  than 
castings  beyond  what  I  can  effect  by  pressure  when  in  a  semi-fused 
condition. 

The  general  results  of  my  work  on  this  alloy  would  lead  me,  there- 
fore, to  make  the  following  recommendations. 

For  the  manufacture  of  standard  rules  to  use  an  alloy  of  not  less 
than  85  per  cent,  platinum  and  15  per  cent,  iridium,  adopting  the 
tubular  form. 

For  the  standard  weights  to  use  an  alloy  of  not  less  than  80  per 
per  cent,  platinum  and  20  per  cent,  iridium,  adopting  the  form  now 
generally  made. 

Finally,  following  the  expression  of  the  great  French  chemist, 

M.  Dumas,  I  hope  by  these  labours  "  d'avoir  enriche  Foutillage 
scientifique  d'un  alliage  dou6  des  propriet^s  pr^ciease.*' 


III.  **  On  the  Reversal  of  the  Lines  of  Metallic  Vapours."  No. 
VI.  By  G.  D.  LiVEiNG,  M.A.,  Professor  of  Chemistry,  and 
J.  Dewar,  M.A.,  F.R.S.,  Jacksonian  Professor,  University  of 
Cambridge.     Received  March  27,  1879. 

The  experiments  described  in  the  following  communication  were 
made  with  the  electric  arc,  and  in  lime  crucibles,*  or  in  crucibles  of  a 
highly  calcareous  sandstone,  kindly  supplied  to  us  by  Messrs.  Johnson, 
Matthey,  and  Co.,  as  described  in  our  fourth  communication  on  this 
subject ;  but  for  some  of  them  we  used,  instead  of  a  galvanic  battery, 
a  magneto-electric  machine  producing  a  much  more  powerful  current 
and  a  much  longer  arc.  The  experiments  with  this  machine  were 
made,  through  the  kindness  of  Dr.  Tyndall,  at  the  Royal  Institution, 
and  we  are  indebted  to  Messrs.  Siemens  both  for  the  working  of  the 
machine  and  for  sparing  to  us  the  services  of  a  skilled  engineer,  in 

•  In  our  fiwt  paper  on  this  subject,  communicated  in  February,  1878,  when  re- 
ferring to  the  experiments  of  Lockyer  and  Koberts  (**  Proc.  Roy.  8oc.,"  xxiii),  we 
mentioned  that  they  employed  the  combined  action  of  a  charcoal  furnace  and  an 
oxy hydrogen  blowpipe,  but  omitted  to  mention  that  they  used  a  lime  chamber  after  the 
model  of  Stas.  Referring  to  fig.  1  in  our  oonmiunication  of  February  12, 1879,  where 
the  uf>o  of  an  oxyhydrogen  blowpipe  in  a  lime  block  is  represented,  we  disclaim  any 
norelty  in  the  use  of  lime ;  the  difference  between  our  experiments  and  theirs  con- 
sisting in  this,  that  we  use  the  continuous  spectrum  from  the  hot  walls  of  our  cruci- 
ble, instead  of  an  external  independent  source  of  light,  as  a  background  against  which 
the  absorbent  action  of  the  vapours  is  seen,  in  the  same  way  as  we  h^  previously 
used  iron  tubes,  and  now  use  the  electric  aio. 
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the  person  of  Mr.  Oscar  Doermer,  whose  assifitanee  was  most  ralnable. 
We  wish  to  express  onr  thanks  to  all  these  geatlemea  for  the  facilitiea 
th^  BO  readily  granted  to  ns. 

The  resnlta  obtained  with  the  powerful  cnrrent  from  the  magneto- 
electric  machine  did  not  differ  at  all  in  kind  from  those  obtained  with 
the  liatteij,  and  much  less  in  degree  than  we  had  expected.  We  had 
reaUy  but  one  daj's  work  with  this  machine,  which  we  can  only 
regard  as  a  preliminary  trial  of  it,  and,  in  the  meantime,  nntil  we 
have  the  opportunity  of  a  loa^r  series  of  experiment  with,  it,  wo 
commnnicate  the  results  obtained  to  the  Royal  Society. 


In  some  cases  we  have  introdnced  a  cnrrent  of  hydrogen,  or  of 
coal-gas,  into  the  cmciUes  by  means  of  a  small  lateral  opening,  or 
by  a  perforation  through  one  of  the  carbon  electrodes  ;  sometimes  the 
perforated  carbon  wbs  placed  vertically,  and  we  examined  the  light 
through  the  perforation  (see  diagrams).  When  no  snch  current  of 
gas  is  introduced,  there  is  frequently  a  flame  of  carbonic  oxide  burning 
at  the  mouth  of  the  tube,  but  the  current  of  hydrogen  produces  very 
marked  effects.  As  a  rule,  it  increases  the  brilliance  of  the  con- 
tinuous spectrum,  and  diminishes  relatively  the  apparent  intensity  of 
the  bright  lines,  or  makes  them  altogether  disappear  with  the 
exception  of  the  carbon  lines.  When  this  last  is  the  case,  the  reversed 
lines  are  seen  simply  as  black  lines  on  a  continnons  background. 
The  calcium  line  with  wave-length  4226  is  always  seen  under  these 
circumstances  as  a  more  or  less  broad  black  band  on  a  continuons 
background,  and  when  the  temperatnre  of  the  crucible  has  risen 
sufficiently,  the  lines  with  wave-lengths  4434  and  4454,  and  next  that 
with  wave-length  4425,  appear  as  simple  black  lines.  So  too  do  the 
Mue  And  red  lines  of  lithium,  and  the  barium  Kne  of  wave-length  5535, 
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appear  steadily  as  sliarp  black  lines,  when  no  trace  of  the  other  lines 
of  these  metals,  either  dark  or  bright,  can  be  detected.  Dark  bands 
also  frequently  appear,  with  ill-defined  edges,  in  the  positions  of  the 
well-known  bright  green  and  orange  bands  of  lime. 

In  the  case  of  sodinm,  nsing  the  chloride,  we  have  repeatedly 
reversed  the  pair  of  lines  (5687,  5681)  next  more  refrangible  than 
the  D  group.  In  every  case  the  less  refrangible  of  the  two  was  the 
first  to  be  seen  reversed,  and  was  the  more  strongly  reversed,  as  has 
also  been  observed  by  Mr.  Lockyer.  But  our  observations  on  this 
pair  of  lines  differ  from  his  in  so  far  as  he  says  that  '*  the  double 
green  line  of  sodium  shows  scarcely  any  trace  of  absorption  when  the 
lines  are  visible,"  while  we  have  repeatedly  seen  the  reversal  as  dark 
lines  appearing  on  the  expanded  bright  lines ;  a  second  pair  of  faint 
bright  lines,  like  ghosts  of  the  first,  usually  coming  out  at  the  same 
time  on  the  more  refrangible  side. 

Using  potassium  carbonate,  besides  the  violet  and  red  lines  which 
had  been  reversed  before,  we  saw  the  group,  wave-lengths  5831, 
5802,  and  5782,  all  reversed,  the  middle  line  of  the  three  being  the 
first  to  show  reversal.  Also  the  lines  wave-lengths  6913,  6946,  well 
reversed,  the  less  refrangible  remaining  reversed  the  longer.  Also 
the  group,  wave-lengths  5353,  5338,  5319  reversed,  the  most 
refitingible  not  being  reversed  until  after  the  others.  Also  the  line 
wave-length  5112  reversed,  while  two  other  lines  of  this  group,  wave- 
lengths 5095  and  5081,  were  not  seen  reversed. 

Using  lithium  chloride,  not  only  were  the  red  and  blue  lines,  as 
usual,  easily  reversed,  and  the  orange  line  well  reversed  for  a  long 
time,  but  also  the  green  line  was  distinctly  reversed ;  the  violet  line 
still  unreversed,  though  broad  and  expanded.  Had  this  green  line 
belonged  to  ca)sium,  the  two  blue  lines  of  that  metal  which  are  so  easily 
reversed  could  not  have  failed  to  appear ;  but  there  was  no  trace  of 
them. 

In  the  case  of  rubidium,  we  have  seen  the  less  refrangible  of  the 
red  lines  well  reversed  as  a  black  line  on  a  continuous  background, 
but  it  is  not  easy  to  get,  even  from  the  arc  in  one  of  our  crucibles, 
suflBcient  light  in  the  low  red  to  show  the  reversal  of  the  extreme  ray 
of  this  metal. 

With  charred  barium  tartrate,  and  also  vnth  barvta  and  aluminium 
together,  we  have  obtained  the  reversal  of  the  line  with  wave-length 
6496,  besides  the  reversals  previously  described.  The  less  refrangible 
line,  wave-length  6677,  was  not  reversed. 

With  charred  strontium  tartrate,  the  lines  with  wave-lengths  4812, 
4831,  and  4873,  were  reversed,  and  by  the  addition  of  aluminium, 
the  lino  wave-length  4962  was  reversed  for  a  long  time,  and  lines 
wave-lengths  4895,  4868,  about,  were  also  reversed. 

On  putting  calcium  chloride  into  the  crocible,  the  line  wave-length 
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4302  was  reversed,  this  being  the  only  one  of  the  well-marked  group 
to  which  it  belongs  which  appeared  reversed.  On  another  occasion, 
when  charred  strontinm  tartrate  was  used,  the  line  wave-length 
4877  was  seen  reversed,  as  well  as  the  strontium  line  near  it.  Also 
the  lines  wave-lengths  6161,  6121,  have  again  been  seen  momentarilj 

reversed. 

With  magnesium,  no  new  reversals  of  the  lines  of  the  metal  have  been 
observed  bj  us  ;  but  when  a  stream  of  hydrogen  or  of  coal-gas  was 
led  into  the  crucible,  the  line  wave-length  5210,  previpusly  seen  by 
us  in  iron  tubes,  and  ascribed  by  us  to  a  combination  of  magnesium 
with  hydrogen,  was  regularly  seen,  usually  as  a  dark  line,  sometimes 
with  a  tail  of  fine  dark  lines  on  the  more  refrangible  side  similar  to 
the  tail  of  bright  lines  seen  in  the  sparks  taken  in  hydrogen  between 
magnesium  points.  Sometimes,  however,  this  line  (5210)  was 
seen  bright.  It  always  disappeared  when  the  gas  was  discontinued, 
and  appeared  again  sharply  on  re-admitting  the  hydrogen.  These 
efEects  were,  however,  only  well-defined  in  crncibles  having  a  height 
of  at  least  3  inches  above  the  arc. 

On  putting  a  fragment  of  metallic  gallium  into  a  crucible,  the  less 
refrangible  line,  wave-length  4170,  came  out  bright,  and  soon  a  dark 
line  appeared  in  the  middle  of  it.  The  other  line,  wave-length  4031, 
showed  the  same  effect,  but  less  strongly. 

In  the  cases  of  cadmium  and  copper,  though  we  have  made  no 
thoroagh  examination  of  them,  we  can  corroborate  the  results  arrived 
at  by  CJomu.  We  noticed  pariicularly  the  disappearance  in  the  arc 
of  the  cadmium  lines,  with  wave-lengths  5377  and  5336. 

On  the  addition  of  aluminium  to  either  copper  or  silver  in  our  lime 
crucibles,  we  noticed  that  the  copper  or  silver  lines  which  had  been 
previously  predominant,  almost  faded  away,  while  the  calcium  lines 
came  out  instead  with  marked  brilliancy.  In  no  case  could  we  detect 
the  red  lines  of  aluminium  in  the  arc. 

With  a  view  to  re-introduce  into  the  arc  the  magnesium  line  wave- 
length 4481,  we  tried  the  action  of  an  induction  spark  in  a  lime 
crucible  simultaneously  with  the  arc,  but  without  success;  for  the 
conducting  power  of  the  hot  walls  of  the  crucible,  and  the  highly 
expanded  gases  within  it,  caused  the  resistance  to  be  so  much 
diminished,  that  the  spark  passed  as  in  a  highly  rarefied  medium.  In 
order  to  succeed  with  this  experiment,  it  seems  plain  that  it  must  be 
made  in  an  apparatus  which  will  allow  of  its  being  performed  under 
a  pressure  of  several  atmospheres. 

Reviewing  the  series  of  reversals  which  we  have  observed,  we  may- 
remark  that  in  many  cases  the  least  refrangible  of  two   lines   near 
together  is  the  most  easily  reversed,  as  has  been  previously  remarked 
by  Comn.   Thns,  in  the  case  of  barium  (though  there  is  no  very  distinct 
L        grouping  of  the  Hues  of  that  metal)  taking  the  rays  in  order,  we  have 
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the  line  wave-length  5536  readily  reversed,  while  that  with  wave- 
length 5518  is  less  easily  reversed;  the  line  wave-length  4933  is 
comparatively  easily  reversed,  whereas  that  with  wave-length  4899 
has  not  heen  reversed  by  ns.  On  the  other  hand,  the  line  wave-length 
4553  has  been  reversed,  but  not  the  line  wave-length  4524.  In  the 
case  of  strontium,  the  lines  wave-length  4831  and  4812  have  been 
reversed,  but  not  the  line  wave-length  4784,  and  the  two  lines  inrave- 
length  4741  and  4721  remain  both  unreversed.  In  the  group  of  five 
lines  of  calcium,  wave-length  4318  to  4282,  it  is  only  the  middle 
line  wave-length  4802  which  has  been  reversed.  Of  the  potassium 
groups  of  lines  wave-length  5831  and  5782,  5802,  5782  are  reversed, 
the  Hue  wave-length  5811  has  not  been  reversed,  and  of  the  others  the 
line  wave-length  5802  is  the  first  to  appear  reversed.  It  is  worthy  of 
remark  that  the  first  of  these  lines  is  faint  and  the  last  is  the  brightest 
of  the  group.  The '  group  wave-length  5355,  5336,  5319  have  been 
all  reversed,  but  the  last  of  the  three  (5319)  was  the  most  difficult 
to  reverse :  it  is  also  the  feeblest  of  the  group.  In  the  more  refran- 
gible group,  wave-length  5112,  5095,  5081,  the  least  refrangible  is 
the  only  one  reversed. 

Making  a  general  summation  of  our  results  respecting  the  alkaline 
earth  metals,  potassium,  and  sodium,  and  having  regard  only  to 
the  most  characteristic  rays,  which  for  barium  we  reckon  as  21,  for 
strontium  34,  for  calcium  37,  for  potassium  31,  and  for  sodium  12, 
the  reversals  in  our  experiments  number  respectively  6,  10,  11,  13, 
and  4.  That  is  in  the  case  of  the  alkaline  earth  metals  about  one- third, 
and  these  chiefly  in  the  more  refrangible  third  of  the  visible  spectmm, 
the  characteristic  rays  remaining  unreversed  in  the  more  refrangible 
part  of  the  spectrum  being  respectively  2,  5,  and  4.  In  the  case  of 
potassium  we  reversed  two  in  the  upper  third;  all  the  rest  in  the  least 
refrangible  third.  These  experiments  relate  to  mixtures  of  salts  of 
these  metals  combined  with  the  action  of  reducing  agents.  In  a 
future  communication  we  will  contrast  these  results  with  those  of  the 
isolated  metals,  calcium,  strontium,  and  barium. 

IV.  *'  Note  on  the  unknown  Chromospheric  Substance  of  Young." 
By  G.  D.  LiVEiNG,  M.A.,  Professor  of  Chemistry,  and  J. 
Dewar,  M.A.,  F.R.S.,  Jacksonian  Professor,  University  of 
Cambridge.     Received  March  27,  1879. 

In  the  preliminary  catalogue  of  the  bright  lines  in  the  spectrum  of 
the  chromosphere  published  by  Young  in  1861,  he  calls  special  attention 
to  the  lines  numbered  1  and  82  in  the  catalogue,  remarking  that 
"  they  are  very  persistently  present,  though  faint,  and  can  be  dis- 
tinctly  seen  in  the  spectroscope  to  belong  to  the  chromosphere,  as  such, 
not  being  doe,  like  most  of  the  other  lines,  to  the  exceptional  elevation 
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of  matter  to  heights  where  it  does  not  properly  belong.  It  would 
seem  very  probable  that  both  these  lines  are  dne  to  the  same  substance 
which  causes  the  D3  line." 

Again,  in  a  letter  to  "  Nature,"  June,  1872,  Young  says,  "  I  confess 
I  am  sorry  that  the  spectrum  of  iron  shows  a  bright  line  coincident 
with  1474  (K) ;  for,  all  things  considered,  I  cannot  think  that  iron 
yapour  has  anything  to  do  with  this  line  in  the  spectrum  of  the  corona, 
and  the  coincidence  has  only  served  to  mislead.  But  there  are  in  the 
spectrum  many  cases  of  lines  belonging  to  the  spectra  of  different 
metals  coinciding,  if  not  absolutely,  yet  so  closely,  that  no  existing 
spectroscope  can  separate  them,  and  I  am  disposed  to  believe  that  the 
close  coincidence  is  not  accidental,  but  probably  points  to  some  phy- 
sical relationship,  some  similarity  of  molecular  constitution  perhaps, 
between  the  metals  concerned.  .  .  .  So,  in  the  case  of  the  green 
coronal  matter,  is  it  not  likely  that  though  not  iron  it  may  turn  out 
to  bear  some  important  relation  to  that  metal  ?*'  In  1876  he  proves 
that  the  coronal  line  1474  is  not  actually  coincident  with  the  line  of 
iron. 

In  the  catalogue  of  bright  lines  observed  by  Young  at  Sherman  in 
the  Rocky  Mountains,  to  which  we  have  directed  special  attention  in 
one  of  our  previous  communications,  it  appears  that  the  above-men- 
tioned lines  1  and  82,  along  with  D3,  were  as  persistently  present  as 
hydrogen,  the  only  other  line  approaching  them  in  frequency  of  occur- 
rence being  the  green  coronal  line  1474  of  KirchhofE,  which  was 
present  on  90  occasions  out  of  100.  It  has  occurred  to  us  that  these 
four  lines  may  belong  to  the  same  substance.  An  analogy  in  the 
ratio  of  the  wave-lengths  of  certain  groups  of  lines  occurring  in  diffe- 
rent metals  has  been  already  pointed  out  by  Stoney,  Mascart,  Salet, 
Boisbaudran,  and  Comu  ;  and  without  any  special  reductions,  or 
claims  to  an  exact  ratio  in  whole  numbers,  the  following  analogies  are 
worthy  of  note : — 


Hydrogen. 

Lithium. 

Magnesium. 

Chromospherio 
substance. 

Wave-length : — 

(1)   6563-9 

(1)  6706 

(2)  6102 

(1)  5183 

(1)  7055  • 

(2)   4862-1 

(2)  3837*8 

(2)   5874-9 

(3)  4340 

(3)  4970 

(3)  3335 

(3)   5315-9 

(4)  4102-4 

(4)  4604 

(5)  4130 

(4)  4471-2 

Batio  of  waye-lengt 

hof— 

(1)     (2)&(4) 

(1)    (3)&(5) 

(1)    (2)      (8) 

(1)     (3)   &  (4) 

111 

111 

111 

1        1     &     1 

20      27      32 

20   26*9   81-6 

20    27    31  1 

20   26  -5      31  -6 

*  This  ware-length  is  not  so  aocoratelj  known  as  the  other  rays  belonging  to  the 
chromosphere. 
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The  ratio  of  the  wave-lengths  of  F  to  G  of  hydrogen  ((2)  to  (3)  in 
the  table  above)  is  nearly  identical  with  the  ratio  of  Ds  to  the  coronal 
green  line  ((2)  to  (3)  in  table  above). 

This  near  coincidence  in  the  ratios  of  certain  lines  of  hydrogen, 
lithinm,  and  magnesinm,  substances  belonging  to  the  same  type,  com- 
bined with  a  similar  ratio  in  the  wave-len^hs  of  the  nearly  equally 
persistent  lines  of  the  chromosphere,  greatly  strengthens  the  probability 
of  the  assumption  that  these  lines  belong  to  one  substance. 

The  fact  that  the  two  less  refrangible  rays  have  no  representative  in 
the  Fraunhof er  lines,  is  by  no  means  opposed  to  their  belonging  to  one 
substance,  since  we  know  that  aluminium  behaves  in  a  similar  way  in 
the  atmosphere  of  the  sun;  and  in  the  total  eclipse  of  1875  the 
hydrogen  line  h  was  not  visible  in  the  chromosphere,  that  is,  we 
suppose,  was  on  the  limit  between  brightness  and  reversal;  and 
during  the  late  eclipse  the  two  most  refrangible  rays  of  hydrogen 
were  not  detected  from  the  same  cause. 

Until  our  knowledge  of  the  order  of  reversibility  of  lines  belonging 
to  different  types  of  metals  has  been  extended,  it  would  be  rash  to 
infer  the  group  of  metals  to  which  it  belongs,  or  its  probable  molecular 
weight. 


V.  "  Contributions  to  Molecular  Physics  in  High  Vacua."    By 
William  Crookes,  F.R.S.    Received  March  27, 1879. 

(Abstract.) 

This  paper  is  a  continuation  of  one  "  On  the  Illumination  of  Lines 
of  Molecular  Pressure,  and  the  Trajectory  of  Molecules,"  which  was 
read  before  the  Boyal  Society  on  the  5th  of  December  last.  The  author 
has  further  examined  the  action  of  the  molecular  rays  electrically  pro- 
jected from  the  negative  pole  in  very  highly  exhausted  tubes,  and 
finds  that  the  green  phosphorescence  of  the  glass  (by  means  of  which 
the  presence  of  the  molecular  rays  is  manifested)  does  not  take  place 
close  to  the  negative  polo.  Within  the  dark  space  there  is  absolutely 
no  phosphorescence  ;  at  very  high  exhaustions  the  luminous  boundary 
of  the  dark  space  disappears,  and  now  the  phosphorescence  extends 
all  over  the  sensitive  surface.  Assuming  that  the  phosphorescence  is 
due  either  directly  or  indirectly  to  the  impact  of  the  molecules  on  the 
phosphorescent  surface,  it  is  reasonable  to  suppose  that  a  certain 
velocity  is  required  to  produce  the  effect.  The  author  adduces 
arguments  to  show  that  within  the  dark  space,  at  a  moderate  ex- 
haustion, the  velocity  does  not  accumulate  to  a  sufficient  extent  to 
produce  phosphorescence,  but  at  higher  exhaustions  the  mean  free 
path  is  long  enoagh  to  allow  the  molecules  to  get  up  sufficient  speed 
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to  excite  pliospliorescence.  At  a  very  liigli  exhaustion  there  are  fewer 
collisions,  and  the  initial  speed  of  the  molecules  close  to  the  negative 
pole  not  being  thereby  reduced,  phosphorescence  takes  place  dose  to 
the  pole. 

Experiments  are  described  in  wbicb  a  pole  folded  into  corragationB 
is  used  at  one  end  of  a  tube,  the  pole  at  the  other  end  being  flat  set 
obliquely  to  the  axis  of  the  tube,  and  having  a  plate  of  mica  in  front 
pierced  with  a  hole  opposite  the  centre  of  the  pole.  The  questions  which 
this  apparatus  was  designed  to  answer  are : — (1.)  Will  there  be  two 
sets  of  molecular  projections  from  the  corrugated  pole  when  made 
negative,  one  perpendicular  to  each  facet,  or  will  the  projection  be 
perpendicular  to  the  electrode  as  a  whole,  V.e.,  along  the  axis  of  the 
tube  ?  (2.)  Will  the  molecular  rays  from  the  oblique  flat  pole,  when 
this  is  made  negative,  issue  through  the  aperture  of  the  screen  along 
the  axis  of  the  tube,  i.e.,  direct  to  the  positive  pole,  or  will  they  leave 
the  pole  normal  to  the  surface  and  strike  the  glass  on  its  side? 
With  the  corrugated  pole  experiment  shows  that  at  high  exhaustions 
molecular  rays  are  projected  from  each  facet  to  the  inner  surface  of 
the  tube,  where  they  excite  phosphorescence,  and  form  portions  of 
ellipses  by  the  intersection  of  the  planes  of  molecular  rays  with  the 
cylindrical  tube.  When  the  oblique  flat  pole  is  made  negative,  a 
stream  of  molecxdes  shoots  from  it  nearly  normal  to  its  surface,  and 
those  which  pass  through  the  hole  in  the  plate  of  mica  strike  the  side 
of  the  tube,  forming  an  oval  patch  of  a  green  colour. 

The  oval  patch  in  this  apparatus  happens  to  fall  on  a  portion  of  the 
glass  which  has  previously  had  its  phosphorescence  excited  by  the 
molecular  discharge  from  the  other  corrugated  pole.  The  phospho- 
rescence from  this  pole  is  always  more  intense  than  that  frt)m  the  flat 
pole,  and  the  glass,  after  having  been  excited  by  the  energetic  bom- 
bardment, ceases  to  respond  readily  to  the  more  feeble  excitement 
from  the  flat  pole.  The  effect,  therefore,  is,  that  when  the  oval  spot 
appears,  it  has  a  dark  band  across  it  where  the  phosphorescence  from 
the  other  pole  had  been  taking  place.  The  glass  recovers  its  phos- 
phorescent power  to  some  extent  after  rest. 

In  this  apparatus  a  shifting  of  the  line  of  molecular  discharge  is 
noticed.  If  the  coil  is  stopped  and  then  set  going  repeatedly,  always 
keeping  the  oblique  pole  negative,  the  spot  of  green  light  occurs  on 
the  glass  at  the  spot  where  it  should  come  supposing  the  discharge 
were  normal  to  the  surface  of  the  pole.  But  if  once  the  flat  pole  is 
made  positive,  the  next  time  it  is  made  negative  the  spot  of  light 
appears  nearer  the  axis  of  the  tube,  and  instantly  shifts  to  its  normal 
position,  where  it  remains  so  long  as  its  pole  is  made  negative.  There 
seems  no  limit  to  the  number  of  times  this  experiment  can  be  repeated. 

A  sue^gestion  having  been  made  by  Professor  Stokes  that  a  third, 
idle,  pole  should  be  introduced  between  the  negative  and  positive  eleo- 


1879.]  Molecular  Physics  in  High  Vacua.  479 

trodes,  experiments  are  described  with  an  apparatus  constmcted  ac- 
cordingly. The  potential  of  the  idle  poles  (of  which  there  are  two) 
at  low  exhaustions  is  very  feebly  positive ;  as  the  exhaustion  gets 
better  the  positive  potential  increases,  and  at  a  vacuum  so  good  as  to 
be  almost  non-conducting,  the  positive  potential  of  the  idle  poles  is 
at  its  greatest.  The  resxdt  is  that  an  idle  pole  in  the  direct  line  of  fire 
between  the  positive  and  negative  poles,  and  consequently  receiving 
the  full  impact  of  the  molecules  driven  from  the  negative  pole,  has  a 
strong  positive  potential. 

It  is  found  that  when  the  shadow  of  an  idle  pole  is  projected  on  n 
phosphorescent  screen,  the  trajectory  of  the  molecules  suffers  deflection 
when  the  idle  pole  is  suddenly  uninsulated  by  connecting  it  with  earth. 
The  same  result  is  produced  by  connecting  the  idle  pole  with  the 
negative  wire  through  a  very  high  resistance,  such  as  a  piece  of  wet 
string,  instead  of  connecting  it  with  earth.  A  tube,  which  has  already 
been  described  in  a  paper  read  before  the  Boyal  Society  on  December 
5th  last,  is  used  to  illustrate  this  deflection.  The  shadow  of  an  alumi- 
nium star  is  projected  on  a  phosphorescent  screen.  So  long  as  the 
metal  star  is  insulated  the  shadow  remains  sharp,  but  on  uninsulating 
the  star  by  connecting  it  with  an  earth  wire  the  shadow  widens  out, 
forming  a  tolerably  well-defined  penumbra  outside  the  original  shadow, 
which  can  still  be  seen  unchanged  in  size  and  intensity.  On  removing 
the  earth  connexion  the  penumbra  disappears,  the  umbra  remaining 
as  before. 

It  is  also  found  that  the  shadow  of  the  star  is  sharply  projected 
when  it  is  made  the  positive  pole,  the  negative  pole  remaining  un- 
changed. 

These  experiments  are  explained  by  the  results  just  mentioned,  that 
the  idle  pole,  the  shadow  of  which  is  cast  by  the  negative  pole,  has 
strong  positive  potential.  The  stream  of  molecules  must  be  assumed 
to  have  negative  potential ;  when  they  actually  strike  the  idle  pole 
they  are  arrested,  but  those  which  graze  the  edge  are  attracted  inwards 
by  the  positive  potential  and  form  the  umbra.  When  the  idle  pole  is 
connected  with  earth,  its  potential  would  become  zero  were  the  dis- 
charge to  cease;  but  inasmuch  as  a  constant  supply  of  positive  elec- 
tricity is  kept  up  from  the  passage  of  the  current,  we  must  assume  that 
the  potential  of  the  idle  pole  is  still  sufficient  to  more  than  neutralize  the 
negative  charge  which  the  impinging  molecules  would  give  it.  The 
effect,  therefore,  of  alternately  uninsulating  and  insulating  the  idle 
pole  is  to  vary  its  positive  potential  between  considerable  limits,  and 
consequently  its  attractive  action  on  the  negative  molecules  which 
graze  its  edge.  The  result  is  a  wide  or  a  narrow  shadow,  according 
to  circumstances. 

After  a  definite  shadow  is  produced,  it  is  found  that  increasing  the 
exhaustion  makes  very  little  change  in  the  umbra,  but  it  causes  the 

2^2. 
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penumbra'  to  increase  greatly  in  size.  Experimentfl  recorded  in  the 
paper  already  quoted  have  proved  that  the  velocity  of  the  molecules 
is  greater  as  the  vacuum  gets  higher,  and  consequently  the  trajectory  of 
the  molecules  under  deflecting  action,  whether  of  a  magnet  or  of  an 
insulated  idle  pole,  is  flatter  at  high  than  at  low  vacua. 

An  experiment  is  next  described,  having  for  its  object  to  ascertain 
whether  two  parallel  molecular  rays  from  two  adjacent  negative  poles 
attract  or  repel  each  other.  It  is  considered  that  if  the  stream  carries 
an  electric  current,  attraction  should  ensue,  but  if  they  are  simply 
streams  of  similarly  electrified  bodies,  the  result  would  be  repulsion. 
Experiment  proves  that  the  latter  alternative  happens,  lateral  repulsion 
taking  place  between  two  streams  moving  in  the  same  direction. 

Many  experiments  are  given  to  illustrate  the  law  of  action  of 
magnets  on  the  molecular  stream,  but  the  results  are  of  too  compli- 
cated a  character  to  bear  condensation  without  the  diagrams  accom- 
panying the  original  paper. 

The  molecular  stream  is  sufficiently  sensitive  to  show  appreciable 
deflection  by  the  magnetism  of  the  earth. 

The  author,  after  numerous  experiments,  has  succeeded  in  obtaining 
continuous  rotation  of  the  molecular  stream  under  the  influence  of  a 
magnet,  analogous  to  the  well-known  rotation  at  lower  exhaustions. 
Comparative  experiments  are  given  with  a  "  high  vacuum "  tube^ 
where  no  luminous  gas  is  visible,  but  only  green  phosphorescence  on 
the  surface  of  the  glass,  and  a  "  low  vacuum  '*  tube,  in  which  the 
induction  spark  passes  in  the  form  of  a  luminous  band  of  light  joining 
the  two  poles.  These  two  tubes  are  mounted  over  similar  electro- 
magnets, the  direction  of  discharge  being  in  a  line  with  the  axis  of 
the  magnet.  Numerous  experiments,  the  details  of  which  are  given 
in  the  paper,  show  that  the  law  is  not  the  same  at  high  as  at  low 
exhaustions.  At  high  exhaustions  the  magnet  causes  the  molecular 
rays  to  rotate  in  the  same  direction,  whether  they  are  coming  towards 
the  magnet  or  going  from  it ;  the  direction  of  rotation  being  entirely 
governed  by  the  magnetic  pole  presented  to  the  stream.  The  north 
pole  rotates  the  molecular  discharge  in  a  direct*  sense,  independent 
of  the  direction  in  which  the  induction  current  passes.  The  direction 
of  rotation  impressed  on  the  molecules  by  a  magnetic  pole  is  opposite 
to  the  direction  of  the  electric  current  circulating  round  the  magnet. 
These  results  offer  an  additional  proof  that  the  stream  of  molecules 
driven  from  the  negative  pole  in  high  vacua  do  not  carry  an  electric 
current  in  the  ordinary  sense  of  the  term. 

The  author,  after  giving  details  of  experiments  in  which  platinunti 
and  glass  are  fused  in  the  focus  of  converging  molecular  rays  projected 
from  a  concave  pole,  describes  observations  with  the  spectroscope, 

*  Like  the  hands  of  a  watoh. 
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which  show  that  glass  obstinatelj  retains  at  even  a  red  heat  a  com- 
ponnd  of  hydrogen — ^probably  water — which  is  only  driven  completely 
off  by  actual  fusion. 

The  permanent  deadening  of  the  phosphorescence  of  glass  is  shown 
by  projecting  the  shadow  of  a  metal  cross  on  the  end  of  a  bulb  for  a 
considerable  time.  On  suddenly  removing  the  cross,  its  image 
remains  visible,  bright  upon  a  dark  ground. 

One  of  the  most  striking  of  the  phenomena  attending  this  research 
is  the  remarkable  power  which  the  molecular  rays  in  a  high  vacuum  have 
of  causing  phosphorescence  in  bodies  on  which  they  fall.  Substances 
known  to  be  phosphorescenb  under  ordinary  circumstances  shine  with 
great  splendour  when  subjected  to  the  negative  discharge  in  a  high 
vacuum.  Thus  Becquerel's  luminous  sulphide  of  calcium  has  been 
found  invaluable  in  this  research  for  the  preparation  of  phosphorescent 
screens  whereon  to  trace  the  paths  and  trajectories  of  the  molecules. 
It  shines  with  a  bright  blue- violet  light,  and  when  on  a  surface  of 
several  square  inches  is  sufficient  to  faintly  light  a  room. 

The  oqI^  body  which  the  author  has  yet  met  with  which  surpasses 
the  luminous  sulphides,  both  in  brilliancy  and  variety  of  colour,  is  the 
diamond.  Most  diamonds  from  South  Africa  phosphoresce  with  a 
blue  light.  Diamonds  from  other  localities  shine  with  different 
colours,  such  as  bright  blue,  apricot,  pale  blue,  red,  yellowish-green, 
orange,  and  pale  green.  One  very  beautiful  diamond  in  the  author's 
collection  gives  almost  as  much  light  as  a  candle  when  phospho- 
rescing in  a  good  vacuum. 

Next  to  the  diamond  alumina  and  its  compounds  are  the  most 
strikingly  phosphorescent.  The  ruby  glows  with  a  rich  full  red,  and 
it  is  of  little  consequence  what  degree  of  colour  the  stone  possesses 
naturally,  the  colour  of  the  phosphorescence  is  nearly  the  same  in  all 
cases ;  chemically  prepared  and  strongly  ignited  alumina  phosphoresces 
with  as  rich  a  red  glow  as  the  ruby.  The  phosphorescent  glow  does 
not  therefore  depend  on  the  colouring  matter.  E.  Becquerel*  has 
shown  by  experiments  with  his  phosphoroscope,  that  alumina  and 
many  of  its  compounds  phosphoresce  of  a  red  colour  after  insolation. 

Nothing  can  be  more  beautiful  than  the  effect  presented  by  a  mass 
of  rough  rubies  when  glowing  in  a  vacuum ;  they  shine  as  if  they  were 
red  hot,  and  the  illumination  effect  is  almost  equal  to  that  of  the 
diamond  under  similar  circumstances. 

Masses  of  artificial  ruby  in  crystals,  prepared  by  M.  Ch.  Feil,  behave 
in  the  vacuum  like  the  natural  ruby. 

In  the  spectroscope  the  alumina  glow  shows  one  intense  and  sharp 
red  line  less  refrangible  than  the  line  B,  and  a  faint  continuous  spec* 
tram  ending  at  about  B.     The  wave-length  of  the  red  line  is  6895. 

•  «  Annales  de  Chimie  et  de  Physique,"  3rd  series,  toL  lyii,  p.  50. 
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The  paper  conclndes  with  some  notes  by  Professor  Maskelyne,  on  the 
connexion  between  molecular  phosphorescence  and  crystalline  strnctore. 

The  crystals  experimented  on  have  been  the  diamond,  emerald,  beryl, 
sapphire,  ruby,  qnartz,  phenakite,  tinstone,  hyacinth  (zircon),  tour- 
maline, andalusite,  enstatite,  minerals  of  the  augite  class,  apatite, 
topaz,  chrysoberyl,  peridot,  garnet,  and  boracite.  Of  these,  the 
only  crystals  which  give  out  light  are  diamond,  ruby,  emerald,, 
sapphire,  tinstone,  and  hyacinth.  The  light  from  emerald  is  crimson,. 
and  is  polarised,  apparently  completely,  in  a  plane  perpendicular  to  the 
axis.  Sapphire  gives  out  a  bluish- grey  and  a  red  light  polarised  in 
a  plane  perpendicular  to  the  axis.  The  ruby  light  exhibits  no  marked 
distinction  in  the  plane  of  its  polarisation. 

Among  positive  crystals  tinstone  glows  with  a  fine  yellow  light,, 
polarised  in  a  plane  parallel  to  the  axis  of  the  crystal.  So  far  the  experi- 
ments accord  with  the  quicker  vibrations  being  those  called  into  play, 
and  therefore  in  a  negative  crystal  the  extraordinary,  and  in  a  positive 
crystal  the  ordinary,  is  the  ray  evoked.  Hyacinth,  however,  intro- 
duces a  new  phenomenon,  being  dichroic,  the  colours,  in  three  different 
crystals,  being  pale  pink  and  lavender — ^blue,  pale  blue  and  deep  violet, 
and  yellow  and  deep  violet-blue,  polarised  in  opposite  planes. 

The  only  conclusion  arrived  at  is,  that  the  rays,  whose  direction  of 
vibration  corresponds  to  the  direction  of  maximum  optical  elasticity 
in  the  crystal,  are  always  originated  where  any  light  is  given  out.  As 
yet,  however,  the  induction  on  which  so  remarkable  a  principle  is 
suggested,  cannot  be  considered  suflBciently  extended  to  justify  that 
principle  being  accepted  as  other  than  probable. 


VI.  "Note  on  a  Direct  Vision  Spectroscope  after  Thollon'e 
Plan,  adapted  to  Laboratory  use,  and  capable  of  giving 
exact  Measurements."  By  G.  D.  Liveing,  M.A.,  Professor 
of  Chemistry,  and  J.  Dewar,  M.A.,  F.R.S.,  Jacksonian  Pro- 
fessor, University  of  Cambridge.    Received  April  3,  1879. 

Having  seen  in  the  "  Journal  de  Physique "  for  May,  1878,  the 
account  of  M.  Thollon's  ingenious  direct  vision  spectroscope,  it 
occurred  to  us  that  by  a  little  modification  we  could  adapt  his  plan  so 
as  to  produce  an  instrument  well  fitted  for  the  work  in  which  we 
were  engaged,  combining  the  advantage  of  excellent  definition,  which 
his  plan  secures,  with  the  means  of  getting  exact  measurements  with 
the  least  possible  chance  of  errors  of  adjustment  or  inequalities  in  the 
working  of  the  automatic  system.  The  principle  consists  in  having 
two  prisms  only  (half  prisms  as  M.  ThoUon  calls  them),  of  which  one 
18  £xed,  and  receives  the  light  from  the  collimator  by  a  reflecting 
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prism  and  transmits  it  in  a  plane  at  right  angles  to  the  axis  of  the 
collimator  to  the  second  prism. 

This  second  prisim  is  moveable  about  an  axis  parallel  to  its  edge 
and  to  the  axis  of  the  telescope,  and  has  a  right  angled  reflecting 
prism  attached  to  it,  so  that  the  light  after  traversing  this  prism  twice 
passes  the  second  time  through  the  fixed  prism  and  so  bj  reflection 
into  the  telescope.  The  lever  carrying  the  second  prism  with  its 
reflecting  prism  is  moved  by  a  micrometer  screw,  by  the  head  of 
which  the  movement  of  the  prism  is  read. 

We  placed  the  design  in  the  hands  of  Mr.  Hilger,  some  time  since, 
and  we  now  exhibit  the  instrument  to  the  Society. 

In  the  last  number  of  the  "  Journal  de  Physique,"  M.  Thollon 
describes  some  modification  of  his  instrument,  but  it  does  not  seem 
that  his  modified  plan  is  so  well  adapted  to  the  ordinary  use  of  a 
chemical  laboratory  as  ours. 


The  accompanying  diagram  represents  a  section  through  the  prisms 
at  right  angles  to  the  axis  of  the  collimator  and  telescope. 


April  24,  1879. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 


The  Right  Hon.  Richard  Assheton  Cross,  Secretary  of  State  for  the 
Home  Department,  was  admitted  into  the  Society. 

The  following  Papers  were  read : — 
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I.  "  On  the  Nature  of  the  Fur  on  the  Tongue."  By  Henry 
Trentham  Builin,  F.R.C.S.  Communicated  by  J.  Burdon 
Sanderson,  F.R.S.,  Professor  of  Physiology  in  University 
College,  London.    Received  March  26.  1879. 

[Plates  10—18.] 

The  fur  on  the  tongue  is  generally  stated  to  consist  chiefly  of 
epithelial  cells,  usually  sodden  and  granular.  But  several  observers 
have  described  fungi  as  existing  in  it,  or  in  the  buccal  mucus.  Robin, 
for  instance,  describes  a  form  of  Leptothrix  (L.  BuccalU)  in  the 
mouth,  and  particularly  in  and  between  the  teeth.  Kolliker  mentions, 
as  of  constant  occurrence,  masses  or  dark-brown  bodies  (which  had 
previously  been  described  by  Miquel  and  Neidhardt,  as  occasionally 
present)  having  a  granular  aspect,  which  he  believed  to  be  of  the 
nature  of  a  fungus,  similar  if  not  identical  with  the  fungus  affecting 
the  teeth.  Billroth  speaks  of  finding  in  the  white  fur  of  himself  and 
of  several  patients,  exquisite  palmelloidal  forms  of  Ascococcus  and 
Olcecoccus  colonies. 

The  object  of  this  paper  is  to  show  that  schizomycetes  form  the 
essential  constituent  of  the  fur,  and  to  explain,  as  far  as  possible,  some 
of  the  laws  which  govern  the  formation  of  fur. 

The  tongue  is  kept  clean  by  free  movement  and  by  being  rubbed 
against  the  interior  of  the  mouth,  the  gums,  and  the  teeth ;  but  fur 
almost  always  exists  upon  its  surface,  both  in  health  and  in  disease. 
The  fur  is  generally  thickest  in  the  morning  before  food  is  taken,  and 
during  illness,  when  the  necessary  cleansing  is  not  properly  performed. 
It  occurs,  too,  most  abundantly  in  the  centre  and  back  part  of  the 
tongue,  covering  a  triangular  area  immediately  in  front  of  the  circum- 
vallate  papillee,  for  this  part  of  the  tongue  is  most  difficult  to  keep 
clean.  It  occupies  the  papillary  surface  of  the  tongue,  scarcely  ever 
extending  beyond  it,  and  is,  therefore,  not  found  posterior  to  the 
circumvallate  papillae.  It  does  not  form  a  continuous  layer  unless  it 
is  exceedingly  thick,  but  lies  upon  the  tops  of  the  filiform  and  some 
of  the  fungiform  papillae.  In  children  the  fungiform  papillae  are 
usually  quite  free  from  fur,  but  in  adults  the  difference  between  the 
fungiform  and  filiform  papillae  is  not  nearly  so  well  marked,  and,  with 
the  exception  of  those  situated  near  the  apex  of  the  tongue,  the 
fungiform  papillae  are  frequently  coated.  Fur  forms  upon  the  filiform 
papillae,  because  these  papillae  are  rough  and  possessed  of  longer  or 
shorter  epithelial  processes,  to  which  foreign  matters  cling  readily^ 
and  from  which  it  i^  very  difficult  to  dislodge  them.  The  fungiform 
papillae,  on  the  contrary,  are  usually  smooth  and  rounded  on  the 
sunmiit,  and  even  when  large  are  easily  kept  clean. 
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The  accompanjiBg  tables  refer  to  the  constancy  of  the  presence  of 
for,  to  its  thickness  in  health,  and  to  its  relation  to  the  papill». 

Analysis  of  Cases  examined. 

On  68  healthy  tongnes — fnr  on  all  except  one. 
On  178  tongnes  of  persons  suffering  from  disease  or  accident — ^fnr 
on  all  except  two. 

Table  showing  relation  of  far  to  papillsd  on  62  healthy  tongnes,  with 
remarks  on  the  age  of  the  persons  and  the  characters  of  the  papilla. 


Position  of  Fur. 

No.  of 

Age  of  Patients. 

Bemarks  on  Papill». 

On     filiform     papilbD 

only^. 
On  filiform  and   some 

fungiform  papilln. 

Eqnallj  on  filiform  and 
fun^orm  papills. 

41 
18 

3 

22  under  20  years  of 

age. 
17  oyer  20  jears  of 

age — 1  est.  15. 

All  oyer  20  years .... 

In  all  cases  fungiform 
papill»  small — in  14 
cases  difficult  to  dis- 
tinguish. 

Fungiform  papills 
small  or  indistin- 
guishable. 

62 

Table  of  thickness  of  the  fnr  on  68  healthy  tongues,  with  remarks 
on  the  papillss  and  the  nature  of  the  tongne. 


Quantity  of  Fur. 

No.  of 
canes. 

Fapillie. 

Condition  of  Tongue. 

None 

1 

17 

38 

10 

2 

0 

Scarcely  any. ....... 

Scarcely  any  in  12 . . . 

Large    and    distinct 

in  8. 
Large  and  distinct. . . 

Tongue    yery    smooth 

and  supple, 
y  eiy  smooth  and  supple 

in  12. 

Infirm  old  people,  set. 
80  and  95. 

Very  thin 

Thin 

Moderately  thiu 

„          thick 

Thick 

68 

When  thin  the  fur  can  only  be  scraped  off  with  difficulty,  and 
always  brings  with  it  numerous  fragments  of  the  hair-like  processes 
which  form  the  terminations  of  the  filiform  papillsd.  But,  when 
thicker,  soft,  and  moist,  it  can  be  removed  in  considerable  quantity 
with  ease. 
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Microscopical  examination  of  the  resnltjs  of  such  scraping  gives,  in 
nearly  every  instance,  the  same  results. 

1.  Debris  of  food  and  bubbles  of  mucns  and  saliva. 

2.  Epithelium. 

3.  Masses  which  appear  at  first  to  consist  of  granular  matter,  but 
which  are  the  gloea  of  certain  forms  of  schizomycetes.  When  large 
and  closely  packed  they  are  of  yellow  or  yellowish-brown  colour,  but 
when  smaUer  and  more  loosely  held  together  are  almost  colourless. 
They  are  generally  attached  to  portions  of  the  hair-like  processes 
which  have  come  away  with  them,  on  account  of  the  tenacity  with 
which  they  adhere  to  the  processes.  Vertical  sections  of  hardened 
tongues  show  the  relation  of  these  masses  to  the  filiform  papillae 
better  than  mere  scrapings  of  the  surface  of  the  tongue.  The  filiform 
papillsB,  instead  of  exhibiting  fine,  clean,  tapering  processes,  terminate 
in  processes  which  are  uneven,  tuberculated,  or  beaded,  and  blunted  at 
their  ends,  owing  to  the  presence  of  these  bodies.  Around  the 
masses  float  free  fungi,  often  exhibiting  very  active  movement.  Th^ 
relative  proportion  of  the  three  constituents  of  fur  varies  under 
certain  conditions.  The  quantity  of  debris  of  food  and  bubbles  is 
much  greater  during  or  immediately  after  eating  than  during  fasting, 
although  there  is  no  corresponding  increase  of  the  fur  at  such  times. 
The  epithelium  is  much  more  abundant  in  thin  fur  than  in  thick  fur, 
its  quantity  depending  rather  upon  the  vigour  with  which  the  tongue 
is  scraped  than  upon  the  amount  of  fur  present.  It  can  be  obtained 
in  just  as  great  quantity  where  no  fur  is  present,  provided  the  tongue 
be  closely  scraped.  The  schizomycetes  are  found  in  every  case  in 
which  there  is  far  upon  the  surface  of  the  tongue,  and  I  have  even 
found  a  little  of  the  gloea  where  no  ftir  was  perceptible  to  the  naked 
eye.  The  quantity  of  gloea  depends  roughly  upon  the  quantity  of 
for.  The  position  of  the  glcBa  corresponds  with  the  position  of  the 
fur.  The  fur  dots  the  tops  of  the  filiform  papillae,  and  the  gloea  is 
attached  to  the  processes  of  these  papillae.  Fresh  scrapings  of  fur 
show  this  relation  of  the  gloea  to  the  filiform  papillae,  but  vertical 
sections  of  hardened  tongues  show  more  than  this.  They  show  that 
the  filiform  papillae  are  the  sole  seat  of  the  gloea,  which  does  not  exist 
between  the  papillae,  and  seldom  upon  the  ^ingiform  papillae.  Again, 
the  colonr  and  appearance  of  the  thin  grey  fur  corresponds  with  the 
colour  and  appearance  of  the  thin  grey  pellicle  which  forms  upon  the 
surface  of  Bacterium -producing  fluids,  and  as  the  latter  becomes 
whiter  and  more  opaque  as  it  becomes  thicker,  so  does  the  fur  become 
whiter  and  more  opaque  with  increased  thickness.  A  modification  of 
colour  is,  however,  frequently  produced  by  the  yellow  or  brownish- 
yellow  tint  of  the  gloea. 

In  order  to  ascertain  the  true  nature  of  the  gloea,  and  to  obtain  it 
in  a  much  purer  form  than  that  in  which  it  exists  naturally  upon  the 
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snrface  of  the  tongne,  I  cultivated  it  upon  a  warm  stage.  Minute 
portions  of  fnr  from  different  tongnes  were  placed  in  a  drop  of 
aqneons  hnmonr,  and  kept  at  a  temperature  of  30^  to  33^  0.  Free 
growth  and  development  took  place,  but  instead  of  the  single  fungus 
I  had  expected  several  fungi  were  found.  Only  two  forms,  however, 
were  present  in  every  instance,  namely,  Mierococcua  and  JBacilluSj  and, 
from  a  comparison  of  the  natural  fur  with  results  obtained  by 
artificial  cultivation,  I  think  there  can  be  little  doubt  that  the  fur 
consists  chiefly  or  essentially  of  these  two  fungi. 

Micrococcus  existed  in  every  case  examined,  small  spherical  bodies 
generally  in  pairs  or  groups  of  four,  but  often  forming  chains.  Upon 
the  warm  stage  rapid  multiplication  took  place  with  the  production  of 
pairs,  fours,  long  and  short  chains  often  twisted  and  looped,  and  small 
and  large  colonies.  When  these  colonies  reached  a  large  size  (which 
happened  in  the  course  of  a  few  hours)  they  presented  a  granxdar 
appearance  and  assumed  a  yellow  or  brownish-yellow  colour,  and  all 
movement  ceased  in  them.*  The  development  of  Micrococcus  occurred 
abundantly  and  rapidly  in  all  the  experiments  made  with  the  exception 
of  one,  in  which  so  rapid  a  formation  of  Bacterium  termo  took  place, 
that  in  the  coarse  of  a  few  hours  the  whole  of  the  fluid  was  clouded 
and  obscured  by  its  presence.  Usually  the  development  of  other 
fungi  did  not  interfere  with  that  of  Micrococcus,  Comparing  the 
masses  or  colonies  produced  by  cultivation  with  the  granular  masses  of 
which  the  fnr  chiefly  consists,  the  chief  constituent  of  each  appears  to 
be  the  Micrococcus  sphere.  The  natural  colonies  are,  of  course,  not 
often  so  pure  as  those  produced  artificially,  but  still  not  uncommonly 
these  natural  colonies  present  the  same  regularity  of  structure  as  the 
colonies  figured  in  sketch  5. 

The  other  form.  Bacillus,  was  also  present  in  every  case  examined,- 
but  unfortunately  development  seldom  or  never  occurred,  being 
apparently  prevented  by  the  presence  of  other  fungi.  It  consisted  of 
slender  rods,  having  a  well-marked  double  contour  and  a  light  interior. 
Their  length  varied  much,  but  was  always  many  times  their  breadth. 
There  were  no  defined  contents  within  the  rods,  except  in  some  of  the 
longer  and  broader  of  them,  which  contained  highly  refractive 
spherical  bodies  which  appeared  to  be  spores.  The  shorter  rods 
moved  actively  about  the  field  of  the  microscope,  and  even  some  of 
the  longer  rods  (looking  when  magnified  450  times  from  ^  inch  ta 
1  inch  long)  moved  slowly  from  place  to  place.  The  rods  were 
generally  straight,  but  some  of  the  longer  ones  were  curved  or  bent. 
They  often  formed  short  chains  or  occurred  in  pairs,  but  did  not  form 
colonies,  although  they  sometimes  occurred  in  great  number  and  of 
large    size   in  the  Micrococcus  colonies.      They  showed  very   little 

*  I  never  obsenred  any  lengthening  into  rods,  or  the  derelopment  of  anj  other 
form  from  these  Micrococci. 


488  On  the  Nature  of  the  Fur  oii  the  Tongue.        [Apr.  24, 

'Change  ya.  appearance  for  manj  hours,  sometimes  for  two  or  more 
days,  after  which  they  usually  became  granular  and  degenerated. 
These  bodies  are  apparently  identical  with  the  Leptothrix  huccalie  of 
Bobin.  But  I  think  they  would  be  more  rightly  called  BaciUus 
subtUis.  Their  length,  their  slender  form,  the  conditions  in  which 
they  occur,  and  the  fact  of  their  non- development  in  the  presence  of 
other  fungi  point  to  this  conclusion.  I  made  many  attempts  to 
separate  them  in  order  to  produce  the  fungus  in  a  purer  form  by 
cultivation,  but  did  not  succeed  in  doing  so.  Although  this  fungus 
did  not  develop  under  artificial  conditions  in  the  presence  of 
Micrococcus  and  other  fungi  it  is  highly,  probable  that  its  development 
takes  place  freely  upon  the  surface  of  the  tongue.  Its  habitual 
presence  there,  generally  in  tolerable  abundance,  and  the  occurrence 
of  spore-bearing  filaments  may  be  adduced  as  evidence  in  favour  of 
this  view. 

Besides  these  fungi  Bacteriwm  termo  existed  in  some  of  the  furs 
examined,  and  twice  developed  with  such  rapidity  that  the  whole  of 
the  fluid  was  crowded  with  these  organisms  to  the  exclusion  of  every 
other  form.     Pairs,  chains,  and  colonies  were  formed. 

Sardna  ventrlculi  was  frequently  present  and  generally  developed 
quickly.  It  usually  occurred  in  pairs  or  fours,  and  was  easily 
recognisable  by  its  large  size,  compared  with  the  other  organisms 
present,  by  the  square  or  oblong  form  of  its  nuclei,  by  their  faint 
yellow  or  red  tint,  and  by  the  area  of  protoplasm  surrounding  the 
nuclei.  The  groups  of  two  or  four  moved  slowly  about  the  field  of 
the  microscope,  but  the  large  masses  which  were  formed  remained 
•quite  motionless.  The  masses  attained  so  large  a  size  as  seriously  to 
interfere  with  the  growth  of  some  of  the  other  organisms,  and  when 
large  showed  a  decided  yellow,  or  brownish-yellow  colour. 

In  two  or  three  of  the  specimens  there  occurred  rapid  and  verj 
abundant  development  of  a  form  of  Spirillum,  which  appeared  from 
the  double  twist  which  it  exhibited,  and  from  its  extreme  tenuity,  to 
be  SpiroclioRta  plicatilia.  Its  growth  took  place  from  exceedingly 
small  portions  of  the  organism,  and  continued  only,  at  one  end,  which 
was  in  constant  motion,  whilst  the  other  end  remained  stationary ; 
and  as  the  growth  progressed,  large  masses  were  formed  which  soon 
became  so  dense  that  it  was  impossible  to  discern  the  nature  of  the 
organism  of  which  they  were  composed.  This  Spirochosta  did  not 
occur  in  most  of  the  specimens  examined. 

A  larger  form  of  Spirillum  was  also  occasionally  present,  but  was 
not  seen  in  the  act  of  developing. 

Although  I  believe  the  fur  consists  chiefly  of  Micrococcus  and  Bacillus 
suhtilisy  I  think  it  is  probable  from  the  results  obtained  in  the  experi- 
ments upon  which  the  foregoing  observations  are  founded,  that  the 
•development  of  these  other  forms  (^Bacterium  termo,  Sardna  ventri- 
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cult,  Spirochmta  plicatilis)  may  often  add  considerably  to  its  bulk,  and 
may,  perhaps,  modify  its  characters  under  certain  conditions. 

The  slime  which  exists  around  and  between  the  teeth  is  composed 
of  the  same  constitaents  as  the  fnr  on  the  tongne ;  all  the  organisms 
which  are  found  in  the  one  are  found  also  in  the  other.  Bacillus  suhtills 
exists,  however,  in  greater  quantity  in  this  tooth-slime  than  in  the 
far,  and  the  rods  and  filaments  are  usually  much  longer  in  the  tooth- 
slime,  probably  because  they  arc  not  subjected  to  so  much  dis- 
turbance. 

In  conclusion  I  have  to  thank  Dr.  Burdon  Sanderson  and  Dr. 
Lauder  Brunton,  for  valuable  suggestions,  and  for  the  kindly  interest 
they  have  shown  in  this  work. 
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II.  **  Note  on  the  Supplementary  Forces  concerned  in  the  Ab- 
dominal Circulation  in  Man."  By  J.  Bbaxton  Hioks,  M.D., 
F.R.S.     Received  March  2(>,  1879. 

During  the  ordinary  inspiratory  effort,  the  descent  of  the  diaphragm  ^ 
most  noticeable  in  the  male,  necessarily  produces  pressure  on  the  abdo- 
minal viscera  in  contact  with  its  lower  surface ;  these  in  their  turn 
press  down  the  intestines,  which,  acting  as  fluid  enclosed  in  closed 
elastic  sacs,  press  equally  in  all  directions.  Thns  during  each  descent 
the  abdominal  walls  are  projected  forwards,  as  may  be  readily  seen  by 
adapting  an  instrument  similar  to  a  cardiograph  resting  on  three  feet, 
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the  button  in  the  centre  attached  to  the  tambour  fairly  touching  the 
abdominal  wall.  On  revolving  the  drum  attached,  a  well  marked 
tracing  is  obtained,  showing  the  respiratory  wave ;  more  marked  in 
the  male,  but  almost  always  well  pronounced  in  the  female.  The 
height  of  these  waves,  of  course,  marks  the  difference  of  the  elevation 
of  the  centre  of  the  area  and  the  circle  described  by  the  three  legs 
before  mentioned,  the  amount  indeed  of  the  bulging  of  that  portion. 
By  this  arrangement  the  effects  of  the  various  movements  of  the  body 
can  be  also  registered  with  great  ease,  so  far  as  these  moyements 
compress  the  walls  of  the  abdominal  cavity. 

But  although  the  abdominal  walls  in  front  yield,  yet  the  descent  of 
the  diaphragm,  which  accompanies  the  inspiratory  act,  must  put 
pressure  on  the  contents  of  the  abdomen :  and  thus  tension  is  created, 
which  is  in  a  certain  degree  lessened — 1st,  by  the  yielding  of  the  walls 
just  mentioned,  and,  2ndly,  by  the  escape  of  blood  from  the  vessels 
within  the  cavity  of  the  abdomen ;  and  this  would  be  more  marked  in 
the  case  of  the  venous  blood. 

In  the  case  of  the  arterial  bloody  the  pressure  would  tend  both  up- 
wards and  towards  the  heart,  and  downwards  towards  the  lower  ex- 
tremities and  the  abdominal  walls.  The  movement  towards  the  thorax 
would  probably  be  but  slight,  yet  it  would  to  a  certain  extent  add 
somewhat  to  the  arterial  tension,  noticed  as  commencing  at  the  be- 
ginning of  inspiration.  The  other,  the  downward  movement,  acting 
in  the  direction  of  the  arterial  current,  would  increase  also  the  arterial 
tension  in  the  lower  extremities  and  abdominal  walls.  But  upon  the 
veiiotis  system  the  effect  would  be  greater. 

1st.  Upon  the  systemic  its  effects  would  be  cut  off  in  the  downward 
direction  by  the  valves,  though  this  would  tend  to  increase  the  venous 
tension  in  the  lower  extremities.  But  this  probably  would  be  soon 
neutralized,  or  nearly  so,  by  the  freedom  which  the  incipient  vacuum 
caused  by  the  expansion  of  the  chest  gives  the  blood  to  enter  the 
heart.  But  the  pressure  caused  by  the  descent  of  the  diaphragm 
tends  to  press  the  blood  in  the  vena  cava  also  upwards,  thus  facili- 
tating the  flow  in  the  natural  direction ;  but  any  tension  to  which  the 
vessel  is  subjected  is  probably  immediately  or  simultaneously  relieved 
by  the  suction-action  of  the  chest,  which  is  well  known  to  diminish 
considerably  the  blood-pressure  in  the  large  veins  close  to  the  thorax 
during  the  inspiratory  movements.  That  this  pressure  of  the  dia- 
phragm on  the  abdominal  contents  nearly  if  not  quite  balances  the 
suction-action,  is  shown  by  the  fact  that  in  the  sciatic  vein  the 
diminution  of  the  blood-pressure  during  inspiration  is  not  observed. 

2nd.  The  portal  system  is  subjected  likewise  to  pressure,  and  its 
contained  blood  would  tend  to  both  its  incipient  and  terminal  capil- 
laries ;  and  the  resultant  would  be  to  facilitate  its  movement  towsjrds 
the  area  of  least  resistance,  namely,  towards  the  hsepatic  veins. 
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In  compnting  the  effect  of  the  descent  of  the  diaphragm  we  must 
always  bear  in  mind  the  effect  of  the  Expansion  of  the  lower  part  or 
base  of  the  thorax ;  for  this  by  lifting  off  as  it  were  the  pressure  of 
the  abdominal  mnscles  attached  to  it  from  the  viscera  beneath,  lessens 
the  effect  of  the  descent  of  the  diaphragm.  Notwithstanding  this 
there  is  a  notable  residuum  of  force. 

The  effect  of  expiration  on  the  abdominal  circulation  would  be  pro- 
bably to  gradually  permit  a  restitution  of  the  balance  interfered  with. 
The  elasticity  of  the  walls  would  sustain,  to  a  considerable  degree,  the 
pressure ;  the  portal  vein  and  vena  cava  would  gradually  accumulate 
blood,  and  this  in  coincidence  with  an  increment  in  that  of  the  superior 
cava  and  right  cavities  of  the  heart  till  the  irritation  of  its  presence 
causes  another  inspiratory  act. 

It  may  be  noticed  that  the  tension  of  the  arterial  pulse  would 
be  naturally  increased  during  the  expansion  of  the  lungs,  because 
of  the  greater  supply  of  blood  to  the  left  half  of  the  heart  shortly  after 
the  commencement  of  the  inspiration,  and  thus  the  resistance  to  the 
flow  of  venous  blood  through  the  lung  capillaries  is  lessened  ;  and  this 
action  it  is  impossible  to  ignore  when  we  are  discussing  the  effect  of 
the  incipient  vacuum  on  the  venous  blood-pressure  during  inspiration. 

The  same  method  of  registering  the  effect  of  the  respiratory  move- 
ments on  the  abdomen  also  is  applicable  to  marking  the  effects  of  the 
general  movements  of  the  body.  The  elevation  of  the  arm  or  the  leg, 
coughing  and  laughing,  Soc,  are  easily  seen  to  compress  the  abdomen. 

It  would  be  beside  the  intention  of  this  note  to  discuss  the  manner 
in  which  this  effect  of  movements  of  the  body  is  produced  ;  but  I  may 
point  out  that  in  the  act  of  coughing  and  laughing  we  have,  as  indeed 
might  be  expected,  evidence  not  only  of  high  pressure  (shown  by  the 
sudden  elevation  of  the  wave),  but  also  a  tendency  to  vacuum,  as 
illustrated  by  the  sudden  descent  of  the  wave  below  the  line. 

These  actions  must  tell  violently  on  the  blood-current  of  the  abdo- 
men, and  tend  to  force  it  out  of  this  cavity ;  and,  as  before  remarked, 
the  resultant  of  this  must  be  to  facilitate  the  current  in  its  normal 
direction.  The  same  effect  must  be  produced  on  the  other  fluids  in 
the  abdomen,  and  must  assist  the  movement  of  the  secretions  contained 
in  the  ducts  of  the  various  organs,  notably  that  of  the  liver. 

(Received  April  16.) 

In  the  foregoing  note  no  calculation  has  been  made  as  to  the 
amount  of  the  forces  produced  by  the  descent  of  the  diaphragm  in 
ordinary  respiration.  Its  extreme  violent  action  has  been  calculated 
by  Professor  Haughton  at  20  lbs.  on  the  sqaare  inch  ;  but  the  amount 
of  pressure  on  the  contents  of  the  abdomen  must  vary  much,  accord- 
ing to  the  resistance  exerted  by  the  parietes.  When  the  intestines  are 
€mpty  of  gaseous  contents,  and  the  previously  over-distended  abdomen. 
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is  suddenly  emptied,  as  immediately  after  delivery  in  woman,  this 
resistance  is  at  the  lowest,  consequently  the  effect  of  descent  of  the 
diaphragm  on  the  circulation  is  but  slight,  compared  with  that 
state  which  obtains  when  the  parietes  are  in  a  high  state  of  healthy 
and  the  intestines  are  fully  distended  with  gas,  &c. 

It  must  be  evident  that  the  amount  of  blood  contained  in  the 
vessels  within  the  abdomen  must  vary  much,  according  to  the  tension 
of  the  parietes  ;  but  this  matter  does  not  belong  to  the  subject  of  this 
note. 


III.  "  Note  on  the  Auxiliary  Forces  concerned  in  the  Circulation 
of  the  Pregnant  Uterus  and  its  Contents  in  Woman."  By 
J.  Braxton  Hicks,  M.D.,  F.R.S.,  F.L.S.,  &c.  Received 
March  26,  1879. 

Whatever  view  we  may  take  of  the  structure  of  the  placenta,  it  is 
generally  admitted  that  both  in  the  large  sinuses  in  the  walls  of  the 
pregnant  uterus,  and  also  in  the  decidual  processes  in  the  placenta  as 
well  as  in  the  intervillal  spaces  the  motion  of  the  fluids  can  be  but 
very  slow,  that  is,  if  the  circulation  wholly  depended  upon  the  maternal 
cardiac  impulse. 

However,  in  1871,*  I  pointed  out  a  fact  which  had  not  been  before 
observed,  that  the  uterus  was  in  the  habit  normally  of  alternately  re-- 
1  axing  and  contracting  every  five,  ten,  or  twenty  minutes  during  the 
whole  of  the  pregnancy  from  the  earliest  period,  at  least  from  the 
second  month,  and  not  as  had  before  been  believed  only  under  irrita- 
tion, and  towards  the  end  of  gestation.  This  movement  is  doubtless 
homologous  with  the  peristaltic  movements  in  the  uteri  of  the  lower 
animals. 

In  that  paper  I  pointed  out — 1st,  that  these  movements  of  the  uterus 
provide  for  the  frequent  movement  of  the  blood  in  the  uterine  sinnBes 
and  the  decidual  processes ;  and,  2ndly,  that  they  facilitate  the  move- 
ment of  the  fluid  in  the  intervillal  space  of  the  placenta,  or  in  that 
which  has  been  called  the  placenta  sinuses,  and  I  remarked,  *'  What* 
ever  view  we  may  hold  of  the  structure  of  the  placenta,  whether  on 
the  one  hand  there  be  blood  amongst  the  villi  in  maternal  sinuses,  or 
on  the  other  merely  a  serous  fluid,  in  any  case  it  is  through  one  or 
the  other  medium  the  villi  absorb  the  material  for  the  aeration  of  the 
foetal  blood ;  and  there  can  be  no  doubt  that  from  its  position  it  must 
be  in  a  more  or  less  stagnant  state.  It  is  not  difficult,  therefore,  to 
recognise  the  effect  which  the  change  in  the  solidity  and  shape  must 
produce  on  the  fluids  in  the  placenta,  as  well  as  in  the  uterine  walls. 

•  "  Obst.  Trans.  Lond.,"  vol.  xii.     "  On   the  Contractions  of  the  Uterus  during 
Pregnancy  i  their  Phyaiologvcal  "E.S.ec\a  wid  Value  in  the  Diagnosis  of  Pregnancy." 
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Tn  other  words,  tbese  contractions  of  the  nteroB  &ct  as  &  kind  of  sap- 
piemen  tarj  heart  to  these  flaids." 

To  this  force  I  have  now  to  add  the  effect  of  the  respiratoiy  move- 
ments  on  the  gravid  ntems  and  its  contents.  Any  one  who  places  his 
hand  on  the  abdomen  of  a  pregnant  woman  over  the  centre  of  the 
ntems  will  be  consoions  of  the  projecting  forward  of  the  nterine  wall. 
Bnt  I  presume  this  has  been  snpposed  hitherto  to  be  merely  the  pro- 
jection of  the  ntems  en  masge.  Admitting  that  a  slight  portion  of  the 
movement  is  owing  to  that,  I  shall  endeavour  to  show  that  the  mach 
greater  portion  of  the  movement  is  dae  to  the  bulging  oat  of  the  walls 
by  the  downward  pressare  on  the  irmdns  dnring  inspiration.  This  is 
best  demonstrated  by  a  cardiograph  conatnicted  with  a  button  tam- 
bonr,  supported  by  three  legs,  capable  of  being  adapted  by  screws  to 
the  proper  length;  these  shoald  be  as  far  apart  as  possible,  four  inches 
or  BO.  The  patient  shonld  be  placed  on  her  back,  and  the  tambonr 
tied  gently  on  to  the  abdomen  by  a  tape  passed  round  the  back.  The 
dnim  being  set  revolving,  the  respiratory  movement  is  traced.  The 
respiratory  markings  are  very  regular  considering  the  circumstancee, 
intermpted  at  irregular  intervals  by  the  foetal  movements,  coughing, 
and  other  movements  of  the  body. 


Normal  Eespiralorj  Wave  otct  Pregnftnt  Utema.     Tho  ™i-readingB  depending 
probabl;  on  arterial  impulee  of  mother ;  and  of  Uie  f<Btus. 

Kow,  it  is  clear  that  the  readings  express  the  difference  of  elevation 
of  the  nterine  wall  between  the  tambour  button  and  the  circle  enclosed 
by  the  legs ;  in  fact,  the  amount  of  the  bulging  of  tho  wall  within 
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that  area-  If  it  were  not  so,  and  but  tbe  pnehing  forward  of  the  mass, 
no  difference  would  esiet,  and,  conRi.-qacntlj',  no  reading'  obtained. 
And  this  is  proved  by  observing  the  effect  on  tbe  readinga  when  the 
uterine  contractions  occnr,  to  which  I  alluded  at  tbe  commencement 
of  this  note ;  for,  when  these  napervcne,  we  find  the  respiratoiy 
readings  redaced  almost  to  nothing,  and,  instead  of  the  high  elevation 
wavea  of  the  tracing,  well  shown  before,  the  line  is  nearlj  level. 
Thns,  when  the  aterns,  in  consc<)neDCe  of  tbe  increased  firnmew  of  its 
walla,  cannot  bo  impressed  nor  can  bulge,  we  have  the  effect  of  the 
descent  of  the  diaphragm  to  a  similar  extent  reduced.  This  bein^ 
admitted,  it  is  clear  that  every  respiratoiy  action.  canaeB  a  movement 
of  the  fluids  contained  within  the  utei-ns,  thus  assisting  the  cirenlitiaa 
in  a  part  apparently  removed  from  the  maternal  cardiac  impetus.  It 
may  be  worthy  of  notice,  that  at  the  earlier  period  of  pregnancy,  the 
uterine  walla  are  less  yielding,  and,  therefore,  less  influenced  by  the 
respiratory  act,  but  then  the  assistance  this  renders  at  a  later  period  is 
not  BO  muoh  required,  because  neither  are  the  sinuses  so  large  nor  the 
decidual  processes  with  their  sinuses  so  deep,  nor  the  thickneea  of  ths 
jilacenta  so  great.  Gradually  as  the  uteras  increases,  its  walls  us 
more  yielding  and  the  force  of  the  reapiratoiy  movement  mrae  ftlt 
within. 


Thu  eBoctt  of  TJteTino  ContracUoiu  daring  Prcgnsncj  in  r«dcieing  tha  height  tS  the 
.    Beipii«toT7  War?  is  teea  bj  comparing  the  Itnt  line  with  the  lut.    ^lii  tiaefi^ 
ma  taken  with  a  smallcT  inatnnoeDt. 

There  are  other  points  of  interest  in  this  registrotioB  of  the 
respiratory  movements  of  the  abdomen,  which  do  not  belong  to  Uie 
subject  nnder  consideration,  and  are,  therefore,  omitted  here. 

Bnt  there  are  other  accessory  forces  to  be  noticed  which  act  on  the 
surface  of  the  pregnant  ntenis,  tending  to  the  movement  of  the  fluids 
within ;  namely,  the  muscular  movoniciits  of  the  body,  tending  to 
cause  a  change  of  shape  of  the  thorax  or  abdomen.  These  are 
quickly  shown  by  the  same  arraugemi-ntH  as  that  by  which  the 
ordinary  respiration  is  shown.  The  elevation  of  the  arm,  a  hoist  of 
tho  body,  and,  in  particular,  coughing,  show  a  much  gi-cater  force  than 
ia  exerted  by  inspiration.     Hence,  one  might  fairly  infer  that  cierciso 
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in  genemA  in  moderation  will  expedite  the  fluw  of  the  fltuds  in  the 
ateriue  reesels,  Ac.,  tuad,  also,  that  a  sadden  severe  action  will  tend  to 
urge  it  forward  so  qaickly,  before  the  vessels  can  convey  it  onward. 


that  their  mpture  wonld  result  and  efEusion  of  blood  be  a  natural 
consequence: — a  resnlt  which  experience  shows  actually  occnrs  nnder 
snch  circumstances. 
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IV.  •*  A  Summary  of  an  Inquiry  into  the  Function  of  Respiration 
at  Various  Altitudes  on  the  Island  and  Peak  of  TeneriflFe." 
By  William  Marcet,  M.D.,  F.R.S.  Received  March  31, 
J  879. 

On  the  1 9th  March  of  last  year,  I  presented  to  the  Royal  Society  a 
short  summary  of  an  inquiry  on  the  function  of  respiration  at  yarions 
altitudes  in  the  Alps.  The  principal  result  ohtained  was  that  a  greater 
quantity  of  carbonic  acid  was  formed  in  the  body  and  exhaled  at  the 
higher  than  at  the  lower  stations.  Thus,  after  experimenting  on  a 
spot  near  the  Lake  of  Geoeva,  at  an  altitude  of  1,230  feet,  and  at  the 
summit  of  the  Brei thorn,  at  an  altitude  of  13,688  feet,  there  was 
found  to  be  an  excess  of  15  per  cent,  for  the  carbonic  acid  expired  at 
the  highest  station.  I  had  come  to  the  conclusion  that  the  increased 
formation  of  carbonic  acid  in  the  body  at  certain  altitudes  in  the 
Alps  appeared  necessary,  as  a  means  of  resisting  the  influence  of  cold 
which  is  occasionally  very  great  in  high  Alpine  regions. 

The  question  which  now  offered  itself  for  inquiry  was  whether,  on 
rising  to  a  considerable  altitude  above  the  sea  in  a  warm  climate, 
there  would  be,  as  I  had  found  in  the  Alps,  an  increase  of  the  carbonic 
acid  expired.  After  some  consideration,  the  Peak  of  Teneriffe,  in 
north  latitude  28^,  was  selected  as  the  place  best  calculated  for  investi- 
gating the  subject.  The  advantages  of  this  site  were  mani^ld.  First, 
a  mean  temperature  in  the  day  time,  which  proved  to  be  not  lower 
than  64°  in  the  shade,  could  be  secured  at  an  altitude  above  10,000 
feet;  next  as  the  mountain  rose  from  the  sea,  various  stations, 
beginning  at  the  seaside,  might  be  selected  ;  then  fine  weather  could 
be  relied  upon  in  June  and  July,  on  the  Island  of  Teneriffe  ;  finally, 
the  spot  was  situated  at  an  accessible  distance  from  England. 

It  took  me  three  weeks  to  collect  the  necessary  instruments,  among 
which  was  a  wooden  shed,  taking  to  pieces  and  made  to  pack  in  a 
comparatively  small  space.  It  consisted  of  six  deal  boards  constructed 
so  as  to  fit  side  by  side  with  overlaping  edges ;  when  mounted,  they 
formed  a  flat  square  roof.  The  four  comers  of  this  roof  were  sup- 
ported by  four  poles  held  upright  by  tent  ropes  and  pegs ;  broad 
strips  of  canvas  were  nailed  to  two  opposite  sides  of  the  roof  and 
spread  out,  being  held  in  position  by  strings  and  pegs.  The  boards 
covered  a  square  of  6  feet  on  each  side  and  the  sheltered  area  was 
much  increased  by  the  canvas.  The  shed  was  placed  lengthways  as 
nearly  as  possible  in  the  direction  of  the  course  of  the  sun,  and  by  tliis 
means  we  could  work  all  day  long  in  the  shade,  a  necessary  condition 
for  the  success  of  the  inquiry. 

My  experimental  baggage  included  two  large  baskets  holding  about 
150  bottles  of  a  capacity  o^-wAk^T  mox^  tWn  100  cub.  centims.  each. 
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and  fnll  of  a  titered  solutioa  of  barium  hydrate,  in  addition  to  which 
there  were  a  number  of  empty  bottles  of  the  same  size.  The  bottles 
holding  the  alkaline  solution  were  carefully  corked  and  the  corks 
sealed  with  paraffin.  I  must  also  allude  to  two  strong  deal  boards 
or  rocking-boards,  6  feet  in  length  and  supplied  with  two  iron  sockets 
midway  between  the  two  ends;  the  sockets  fitted  upon  an  iron  bar 
raised  a  few  inches  high  on  a  firm  wooden  stand.  Two  square  open 
wooden  boxes  were  made  to  fasten  at  one  end  of  each  board  respec- 
tively, and  could  be  filled  with  stones  or  sand  up  to  a  given  weight. 
The  Qse  of  these  boards  will  be  explained  in  the  course  of  the  present 
communication . 

In  addition  to  the  above  apparatus  I  carried  with  me  a  balance  and 
everything  required  for  determining  the  moisture  expired  from  the 
lungs.  My  experimental  baggage  used  in  the  Alps  was  also  included, 
together  with  every  requisite  for  camping  out  on  the  Peak  for  about 
three  weeks. 

My  Chamounix  guide,  Edouard  Cupelin,  who  has  accompanied  me 
for  the  last  ten  years  in  the  Alps,  and  is  thoroughly  used  to  the  mani- 
pulations connected  with  my  experiments,  came  out  with  me  to 
Teneriffe.  He  not  only  assisted  me  most  effectually,  but  also  sub- 
uiitted  himself  to  experiment. 

We  arrived  at  the  Island  of  Teneriffe  on  the  25th  of  June  last,  and 
after  landing  at  Santa  Cruz,  proceeded  at  once  to  Puerto  de  Orotava, 
at  the  foot  of  the  Peak.  Three  principal  stations  were  selected,  .two 
at  different  altitudes  on  the  Peak,  and  one  at  the  seaside ;  while  from 
the  highest  station  instruments  could  be  carried  to  the  foot  of  the 
terminal  cone,  and  also  to  the  summit  of  the  Peak  12,200  feet  above 
the  sea,  where  I  proposed  making  a  few  experiments. 

We  remained  eleven  days  at  the  lowest  station  on  the  Peak,  at  an 
altitude  of  7,090  feet,  and  ten  days  at  the  higher  station  10,700  feet 
above  the  sea. 

The  characters  of  the  stations  bearing  on  my  experiments  were : — 

1.  The  topographical  position  and  atmospheric  pressure. 

2.  The  temperature  of  the  air. 

3.  The  hygrometric  state  of  the  atmosphere. 

Ist.  Ths  position  OAid  atmospheric  pressure.  My  lowest  station  on  the 
Peak,  that  of  Guajara,  was  situated  on  a  sandy  plateau  at  the  foot  of 
Mount  Guajara,  known  from  Professor  Piazzi  Smyth  having  esta- 
blished an  astronomical  station  at  the  summit  in  1856.  The  moun- 
tain rose  1,800  feet  above  my  station  in  the  S.W.,  while  in  the 
opposite  direction  for  200  or  300  yards,  there  spread  a  patch  of  white 
sand  mixed  with  clay,  and  baked  by  the  sun.  Beyond  that  could  be 
seen  a  bank  of  blocks  of  lava  tumbled  over  each  other,  which  formed 
the  edge  of  an  upper  undulating  level  reaching  the  foot  of  the  actual 
Peak  at  a  distance  of  two  or  three  miles.     The  heat  of  the  sun  at 
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that  station  was  intense,  as  my  tent  was  erected  io  a  hollow,  and  the 
sand  became  so  hot  in  the  afternoon  that  the  hand  conld  not  bear  being- 
kept  in  contact  with  it. 

The  mean  of  twenty-two  readings  of  a  Fortin  barometer,  by  Casella, 
compared  with  the  observations  of  Professor  Smyth,  taken  at  sea  near 
the  coast  of  TenerifEe,  in  1856,  at  a  similar  time  of  the  year,  or  nearly 
so,  gave  an  altitude  of  7,090  feet  above  the  sea  for  that  station.  The 
stations  ia  the  Alps  where  my  former  experiments  had  been  carried 
ont,  and  corresponding  in  altitnde  with  my  Gnajara  station  on 
Teneriffe,  were  the  Riffel  (8,425  feet)  and  St.  Bernard  (8,115  feet), 
these  however  being  rather  over  1,000  feet  higher. 

The  highest  of  my  principal  stations  on  Teneriffe  was  that  of  Alta 
Yista,  where  Mr.  Piazzi  Smyth  also  resided  in  1856.  This  was  near 
the  summit  of  the  Peak  on  a  small  *'  platean,"  occnrring  in  a  break 
between  lava  streams.  This  station  faced  an  easterly  aspect ;  in  the 
evening  a  cold  westerly  wind  oft^  blew,  sweeping  down  from  the 
summit  and  feeling  exceedingly  chilly.  The  altitnde  of  this  station 
according  to  Piazzi  Smyth,  is  10,702  feet.  An  accident  to  my 
barometer  jast  before  leaving  Gnajara  pnt  an  end  to  barometrical 
readings,  bnt  an  observation  as  to  the  temperature  of  boiling  water 
at  Alta  Vista  gave  me  exactly  the  height  as  determined  by  Professor 
Smyth.  This  altitude  compares  well  with  that  of  St.  Theodule, 
10,899  feet,  one  of  my  stations  in  the  Alps. 

The  N.E.  trade  winds  cause  a  belt  of  clouds  to  hover  over  the 
island  ;  1  entered  this  layer  of  fog  at  an  altitude  of  3,200  feet,  and 
left  it  at  5,500  feet,  its  thickness  amounting  therefore  to  2,300  feet. 
My  stations  on  the  Peak  were  of  course  above  the  clouds ;  on  one 
occasion  only  did  1  see  them  from  Alta  Yista  make  an  irruption  into 
the  wide  plateau  at  the  foot  of  the  peak  between  6,000  and  7,000  feet 
high,  but  they  soon  withdrew. 

2ndj  Temperature. — The  sky  was  cloudless  till  the  last  day,  when 
a  few  light  clouds  appeared  overhead,  and  the  sun  being  nearly 
vertical  at  noon,  in  July,  its  direct  heat  was  very  great,  although 
the  air  was  much  less  warm  in  the  shade  ;  on  the  other  hand  the  cold 
wi) J  very  sharp  at  night.  While  the  sandy  surface  of  the  soil  was  so 
hot  h^!  two  or  three  o'clock  in  the  afternoon,  that  the  hand  could  not 
bear  to  be  pressed  against  it,  water  left  outside  the  tent  in  a  bucket 
or  in  plates  was  on  several  occasions  found  frozen  next  morning  just 
before  sunrise.  I  had  no  black  bulb  thermometer  in  vacuo  for 
observing  the  solar  radiation,  but  Professor  Smyth  found  on  the 
summit  of  Mount  Gnajara  over  180°  F.,  with  such  an  instrument  by 
half- past  nine  o'clock  in  the  momiug,  and  he  concludes  that  on 
August  4th,  the  black  bulb  temperature  in  the  sun  must  have  been 
212^*4,  the  thermometer  reading  in  the  shade  being  only  60°,  thus 
^     le&ving  the  enormous  qtiantity  of  152°  for  the  effect  of  sunshine  at 
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a  height  of    8,900  feet,     (P.  Smyth — "  Tenenffe — an  Astronomer's- 
Bxperimentfl. "  ) 

Although  mj  first  station  was  1,810  feet  below  that  at  which 
Piazzi  Smyth's  observations  were  made,  1  cannot  think  the  direct 
solar  heat  was  notably  less. 

1  procured  at  Puerto  a  large  box,  and  had  it  perforated  with 
many  holes  on  every  side  to  allow  of  free  access  of  air  into  it» 
This  box  was  nsed  as  a  screen  for  my  thermometers ;  if  I  mistake  not,, 
a  similar  plan  had  been  adopted  by  Professor  Smyth.  The  screen 
was  placed  under  my  wooden  shed,  and  thereby  sheltered  from  the 
sun.  While  on  my  Alpine  stations,  1  was  working  under  a  mean 
temperature  of  89^  at  St.  Theodule,  and  52°  and  43°  at  the  Riffel  and 
St.  Bernard  respectively,  my  atmospheric  temperature  on  the  Peak  of 
Teneriffe  was  from  65°  to  09°  in  the  shade,  and  rose  in  the  sun  much 
higher  than  on  the  Alps ;  in  fact  I  was  throughout  the  day  time 
exposed  to  a  climate  much  warmer  than  at  my  Alpine  stations ;  so 
far,  therefore,  my  object,  in  going  to  Teneriffe,  of  avoiding  cold  at 
comparatively  great  altitudes  above  the  sea  was  attained. 

3rd,  Moisture, — The  great  dryness  of  the  air  in  the  daytime  was- 
very  remarkable,  the  total  mean  difference  between  the  dry  and  wet 
bulb  readings  at  Guajara  (7,090  feet)  being  25°'6,  and  at  Alta  Vista 
(10,700  feet)  19°*  7;  while  at  Puerto  de  Orotava,  at  the  seaside,  the 
difference  fell  to  8° '7.  I  was  never  conscious  of  perspiring,  and  my 
skin  was  always  very  dry,  with  the  throat  parched  at  times.  The 
evaporation  from  the  skin  must  have  been  very  great  so  high  above 
the  sea,  in  such  dry  air  and  under  so  powerful  a  sun. 

The  inquiry  may  be  divided  into  three  parts :  The  first  refers  ta 
the  respiratory  phenomena  at  the  various  stations  while  in  the  sitting 
posture.  The  second,  to  the  respiratory  phenomena  observed  while 
engaged  upon  a  definite  amount  of  muscular  work.  The  third,  to 
the  amount  of  watery  vapour  expired  sitting  at  my  different  stations. 
1  shall  beg  to  commence  with  the  experiments  relating  to  the  breathing- 
while  in  the  sitting  -posture. 

The  method  adopted  in  these  experiments  was  precisely  the  same 
as  that  I  had  made  use  of  in  the  Alps,  with  this  very  slight  difference, 
that  instead  of  cooling  the  air  expired  into  the  bag,  to  the  temperature 
of  the  water  in  the  aspirator,  where  it  was  treated  with  the  solution  of 
barium,  1  noted  the  temperature  of  the  air  in  the  bag  immediately 
after  filling  it,  and  drew  the  air  at  once  from  the  bag  into  the 
aspirator  or  tube,  recording  its  temperature  in  the  tube.  In  nearly 
every  case  the  temperature  in  the  tube  was  rather  lower  than  in  the 
bag,  so  that  a  contraction  took  place  ;  the  degree  of  contraction  was 
duly  taken  into  account  in  the  calculations  of  the  analysis.  I  also 
used  common  water  instead  of  a  solution  of  salt  for  aspiring  the  air 
for  analysis  into  the  tube. 


502     Dr.  W.  Marcet  on  tlie  Function  of  Respiration  at    [Apr.  24, 

* 

The  air  from  the  lungs  was  expired  into  a  strong  india-rubber  bag 
of  a  known  capacity  under  a  pressure  of  one  inch  of  water.  The 
bag  used  in  nearly  every  experiment  sitting  held  39*3  litres  of  air  under 
that  pressure ;  and  in  the  experiments  made  while  engaged  with  a 
measured  amount  of  muscular  work,  a  bag  holding  68*4  litres  of  air 
under  the  same  pressure  was  employed. 

The  tube  into  which  the  expired  air  was  drawn  for  analysis  was 
supplied  with  the  india-rubber  diverticulum  described  in  my  former 
•communication,  and  I  made  occasional  use  of  it  to  take  out  small 
quantities  of  air  and  test  them  with  a  solution  of  barium  hydrate.  I 
thus  observed  that  a  continued  agitation  of  five  minutes  sufficed  for 
the  entire  combination  of  the  carbonic  acid.  In  every  experiment  the 
Agitation  was  continued  for  six  or  seven  minutes  or  longer,  by  the 
watch.  The  bottles,  into  which  the  fluid  was  drawn  after  agitation, 
were  well  corked,  and  their  necks  dipped  into  melted  paraffin. 
Although  large  enough  for  somewhat  more  than  the  bulk  of  the  fluid 
they  contained,  the  empty  space  was  too  small  for  the  air  it  held  to 
affect  the  alkaline  solution. 

My  Chamounix  guide  was  practised  in  the  mode  of  breathing  into 
the  bag,  so  that  I  could  rely  upon  his  doing  this  in  a  perfectly  natural 
way,  and  without  the  loss  of  any  of  the  air  expired ;  he  was  also  in 
the  habit  of  counting  his  expirations  while  so  engaged. 

We  assisted  each  other  mutually  ;  one  of  us  keeping  an  eye  on  the 
stop-watch  and  the  bag,  while  the  other  was  breathing  into  it. 
After  sitting  quiet  for  a  few  minutes,  the  mouth  was  applied  to  the 
mouthpiece,  and  at  the  very  beginning  of  the  first  expiration,  a  sign 
was  made  and  tLe  stop-watch  started.  When  the  bag  was  nearly 
full,  the  water  in  the  gauge  began  to  rise,  and  the  instant  it  attained 
the  height  of  one  inch,  the  watch  was  stopped.  The  time  to  fill  the 
bag  was  then  read  off,  and  the  temperature  of  the  air  in  the  bag 
ascertained,  both  observations  being  immediately  noted.  Without 
any  loss  of  time  the  air  was  at  once  aspired  into  the  cylinder,  and  its 
temperature  within  the  cylinder  again  read  off  by  means  of  a  thermo- 
meter run  through  the  india-rubber  stopper. 

Then  followed  the  introduction  of  the  normal  alkaline  solution, 
the  agitation  and  the  bottling ;  a  whole  experiment  took  from  thirty 
minutes  to  forty-five  or  fifty  minutes.  The  total  number  of  my 
Teneriffe  experiments  on  respiration,  including  the  determination  of 
the  carbonic  acid  expired,  amounted  to  157. 

The  Chamounix  guide  is  a  tall  and  very  powerful  man  of  38  years 
of  age  ;  I  found  him  to  measure  round  the  bare  chest  at  the  nipples, 
3  feet  5  inches.  His  height,  in  boots  with  moderately  thick  soles, 
is  6  feet  0^  inch,  and  he  subsequently  found  his  weight  to  be  89  kilog., 
— exactly  14  stone. 

I  am  50  years  of  age,  measure  2  feet  10^  inches  round  the  bare 
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chest,  have  a  height  in  boots  with  moderately  thick  soles  of  5  feet 
7f  inches,  and  weigh  70  kilog.,  say  11  stone.  We  are  both  in  the 
enjoyment  of  very  good  health. 

It  will  be  observed  that  we  lived  precisely  in  the  same  way,  were 
exposed  to  the  same  kind  of  atmospheric  influence,  and  ate  the  same 
kind  of  food,  aJthongh  from  the  weight  of  his  body,  the  guide  con- 
sumed more  than  I  did.  The  amounts  of  carbonic  acid  we  expired 
could  therefore  be  fairly  compared  with  one  another. 

The  mean  weight  of  carbonic  acid  expired  from  sixty  experiments 
for  myself,  and  fifty-five  for  the  guide,  both  sitting,  and  at  the 
same  stations  respectively,  was  in  my  case,  472  mgms.  per  minute, 
and  in  that  of  the  guide  604  mgms.,  or  on  100  kilos,  weight  of 
my  body,  I  expired  674  mgms.  of  carbonic  acid  per  minute,  and  the 
guide  also  on  100  kilos,  weight,  679  mgms.  Thus  it  was  found  that 
we  both  gave  out  at  the  luugs  an  amount  of  carbonic  acid  propor- 
tional to  the  weight  of  our  body.  This  is  an  interesting,  though  not 
unexpected  result,  which  appears  to  me  to  give  much  weight  to  the 
correctness  of  the  investigation,  and  consequently  to  the  reliability  of 
the  conclusions. 

Another  circumstance  in  connexion  with  the  present  work  still 
more  deserving  of  notice  thau  the  former,  was  the  fact  that  while  we 
were  engaged  raising  at  each  step  a  weight  of  39*5  lbs.  with  the  feet, 
on  rocking  boards,  at  the  rate  of  45  steps  per  minute,  as  will  be  sub- 
sequently described,  a  mean  amount  of  carbonic  acid  was  expired  by 
each  of  us  respectively,  again  proportional  to  the  weight  of  our  body. 
In  these  experiments,  the  mean  weight  of  carbonic  acid  obtained  for 
myself  from  eighteen  experiments,  six  at  three  different  stations,  was 
1*011  grms.  per  minute,  and  for  the  guide  from  the  same  number  of 
experiments  at  the  same  stations  1*269  grms.,  giving  for  myself  for 
100  kilos,  of  body,  1*444  grms.,  and  for  the  guide  for  100  kilos,  of 
body  1*426.  Nothing  can  be  more  conclusive;  we  again  produced 
within  our  bodies  as  nearly  as  possible  the  same  amount  of  carbonic 
acid  proportionally  with  our  weight.  These  figures  also  show  that 
the  method  adopted  was  well  calculated  to  give  reliable  results,  while 
engaged  in  a  definite  amount  of  muscular  exercise. 

Amount  of  Carbonic  Acid  expired  at  the  different  Stations, 

The  mean  amount  of  carbonic  acid  expired  at  the  several  stations 
by  both  of  us  in  the  sitting  posture,  was  found,  to  a  great  extent,  to 
be  influenced  in  a  similar  way  by  the  food  taken.  In  both  cases,  with 
but  one  exception,  the  greatest  amount  of  carbonic  acid  expired  was 
during  the  first  or  second  hour  after  eating,  and  the  quantity 
•diminished  as  time  elapsed  from  the  last  meal  taken.*     The  exception 

•  Dr.  Edward  Smith's  (**  Phil.  Trans.,'*  1859)  experiments  show  that  a  minimum 
Amount  of  carbonic  acid  expired  is  obtained  while  fasting,  beyond  which  continued 
Casting,  within  certain  limits,  produces  no  further  reduction. 
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• 

refers  to  the  gaide  at  Puerto,  where  his  maximum  is  found  to  be 
dnring  the  third  hour  after  a  meal.  The  fluctuations  in  my  case  may 
be  said  to  follow  closely  those  formerly  reported  from  my  experimenta 
in  the  Alps. 

The  subjoined  table  shows  at  a  glance  the  variation  of  the  mean 
amount  of  carbonic  acid  expired  during  each  successive  hour  after 
food,  the  fifth  or  sixth  hour  being  grouped  together  for  want  of  a 
sufficient  number  of  experiments. 

Table  showing  the  Influence  of  Food  on  the  Expiration  of  Carbonic 
Acid  at  the  various  Stations  (in  the  sitting  posture). 

Self  sitting. 


Hours  after  Food. 

AUa  Vista. 

CO]  expired  per 

minute. 

Ghiajara. 

CO]  expired  per 

minute. 

Puerto. 

CO2  expired  per 

minute. 

0  to  1  hour . 

1  y)  2  liours 

0-534  (3) 
0-502  (8) 
0-472  (5) 

1    0*485  (4)     j 

Gupelin  sit 

.    0-604  (6)     1 

0-570  (7) 

0  -525  (4) 

No  experiments 

0-374  (1) 
0-497  (6) 
0-486  (4) 
0-424  (6) 
0-398  (2) 

ting. 

0-560  (2) 
0-609  (5) 
0-660  (6) 
0-665  (4) 
0-489  (4) 

0-467  (3) 
0-496  (5) 
0-498  (6) 
0-4^18  (4) 
O-Sai  (2) 

No  experiments. 
0  684  (5) 
0-711   (6) 
0-684  (5) 
0-609  (2) 

8«.     4         .*               .....a.... 

4..  6     *.       ....•••••• 

0  to  1  hour 

1  ..  2  hours 

^••iS      ..        ••••••••.. 

4..  5     ••        •••.•••••• 

^M"      it         •♦••....•• 

The  figures  between  brackets  refer  to  the  number  of  experiments.     One  experi- 
ment, at  5.48  A.H.  at  Ghuajara,  not  included. 

If  the  figures  reported  in  this  table  be  taken  into  consideration 
together  with  the  corresponding  results  obtained  in  the  Alps,  it  will 
appear  that  the  maximum  amoant  of  carbonic  acid  is  expired  rather 
earlier  after  a  meal  on  the  mountains  than  in  the  plains,  which  would 
show  that  there  is  apparently  a  tendency  to  a  more  rapid  digestion 
and  assimilation  of  food  in  the  mountains  than  near  the  sea  level. 

As  in  the  case  of  my  former  investigation,  I  have  neutralised  as 
much  as  possible  the  influence  of  food  on  the  results  of  the  experi- 
ments, by  conducting  the  inquiry  at  all  times  of  the  day  between 
breakfast  and  bedtime. 

Influence  of  Temperature  on  the  Carbonic  Acid  expired. — So  far,  to  my 
knowledge,  the  only  series  of  observations  we  possess  on  the  influence 
of  tropical  climates  on  the  functions  of  the  human  body,  are  those  of 
Dr.  Rattray,  Surgeon  B.N.,  who  has  clearly  taken  great  pains  to 
investigate  the  subject ;  he  concludes  that : — 

"  The   three  marked  tropical  phenomena,   viz.,   diminished   lung* 
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yascalaritj,  slower  respiration,  and  gentler  breathing  are  closely 
related,  and  together  indicate  reduced  long  work,  the  reverse  for  the 
temperate  zone  marking  an  increased  function,*  Sdc." 

Dr.  Rattray  infers,  without  apparently  making  any  actual  deter- 
mination of  carbonic  acid  in  the  air  expired,  that  there  is  a  larger 
amount  of  carbon  thrown  out  by  the  lungs  in  temperate  than  in 
tropical  climates.  The  consideration  of  the  mechanical  action  of  heat, 
with  reference  to  the  functions  of  the  body,  had  led  me  long  ago  to 
adopt  the  same  views ;  and  previous  to  my  Teneriffe  experiment,  I 
had  believed  that  where  the  heat  of  the  sun  was  in  excess,  less  heat 
was  required  to  be  manufactured  by  the  body  for  the  due  performance 
of  its  functions,  and,  consequently,  less  carbonic  acid  was  formed  and 
given  out.  I  am  now  compelled,  however,  to  alter  this  view,  and  to 
conclude  that  more  carbonic  acid  is  formed  in  the  body  under  a 
tropical  or  nearly  tropical  sun  than  under  temperate  latitudes. 

In  order  to  make  the  subject  perfectly  clear,  I  have  placed,  in  a  tabu- 
lar form,  the  figures  showing  the  amount  of  carbonic  acid  expired,  as 
found  by  direct  experiments  both  in  my  Alpine  and  southern  stations. 

Table  showing  comparatively  the  Weights  of  Carbonic  Acid  and  the 
Volumes  of  Air  (reduced)  expired  per  minute  by  myself  and  guide 
in  the  Alps  and  at  Teneriffe. 

Self  sitting. 


Stations. 


AltaVista 

Breithom  and  St. 
Theodule 

Guajara 

Biffel  and  St.  Ber- 
nard  

Seaside,  Puerto  . . . 

Lake  of  Genera . . . 

Alta  Vista 1 

Ghuajara j 

St.  Bernard 

Puerto 

St.  Bernard 


CO]  expired. 


Increase  for 
Otrm.     Teneriffe. 

Per  ct. 
0-486 


13-8 


0-419 
0-458 

0-414 
0 -471  \ 
0-383/ 


J 


\ 


Volume  air  expired 

per  min.  (reduced 

to  32°  and  seaside 

pressure). 


Increase  for 
Litres.    Teneriffe. 
Per  ct. 
5  14 


Number  of 
experiments. 


1 


0-564 

» 

0  -565 

0-6851 

0-565/ 

9-6 
18-7 
Cupelln  sitting. 

Nil      J 
17-5     I 


4-74 
5-47 

4 -68  J 
6-841 
5  •14/ 


7-8 

16-1 
12  0 


6-24 


5-88 
7-71 
5-88/ 


5-8 
23-7 


20 

23 

20 

29 
20 
37 


37 

4 

18 

4 


The  figures  for  the  weights  of  CO3  expired  in  the  Alps  haye  undergone  a  correc- 
tion.   See  foot-note,  page  507. 

•  •*  Proc.  Roy.  Soc,"  toI.  xxi,  1872. 
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It  will  be  observed  in  this  table,  that,  in  my  case,  when  approxi- 
mately equal  altitudes  in  the  Alps  and  on  the  Peak  of  Teneriffe  are 
compared  as  to  their  influence  on  respiration,  at  the  highest  stations 
there  is  an  increase  of  carbonic  acid  expired  by  13*8  per  cent,  for 
Teneriffe ;  at  the  stations  next  in  altitude,  the  increase  is  by  9*6  per 
cent,  for  Teneriffe,  and  at  the  seaside,  compared  with  the  shores  of 
the  Lake  of  Geneva,  the  enormous  increase  for  Teneriffe  of  18*7  per 
cent,  is  noted.  As  to  my  guide,  I  have,  unfortunately,  but  few 
experiments  on  the  carbonic  acid  he  expires  on  the  Alps,  which  only 
amount  to  four  in  number.  They  show  for  approximately  equal 
altitudes  no  increase  of  carbonic  acid  expired  on  the  Peak  of 
Teneriffe ;  but  at  Puerto  de  Orotava  I  find  him  to  give  out  a  very  large 
quantity  of  carbonic  acid  in  excess  of  that  he  expired  in  the  Alps, 
amounting  to  as  much  as  17*5  per  cent.  There  are  no  determinations 
of  the  carbonic  acid  expired  by  the  guide  at  the  altitude  of  Geneva, 
to  compare  with  those  obtained  at  the  seaside  on  the  Island  of 
Teneriffe,  but  the  increase  at  Teneriffe  is  greatly  beyond  any  result 
that  might  have  been  expected  at  the  lowest  northern  station. 

If  my  excess  of  carbonic  acid  expired  on  the  Peak  of  Teneriffe, 
over  the  amount  expired  in  the  higher  Alps  amounts  to  13'8  per  cent., 
while  there  is  no  increase  in  the  case  of  the  guide,  this  is  probably 
owing  to  the  guide  apparently  perspiring  much  more  freely  than  I  do, 
and  to  the  circumstance  that  his  home  is  in  the  mountains,  while  I  am 
accustomed  to  a  residence  at  the  sea  level. 

This  fact,  that  an  excess  of  carbonic  acid  is  expired  in  hot  climates 
over  that  given  out  in  temperate  zones,  is  to  me  so  unexpected,  and, 
indeed,  so  different  from  what  might  have  been  anticipated,  that  I 
feel  bound  to  give  every  possible  proof  of  the  accuracy  of  my  work. 

An  objection  might  be  raised  to  the  correctness  of  the  analysis  from 
changes  occurring  in  the  normal  solution  of  barium  from  the  action 
of  the  carbonic  acid  of  the  air.  This  was  carefully  guarded  against ; 
the  whole  contents  of  one  small  bottle  were  used  for  each  analysis, 
thus  avoiding  the  necessary  introduction  of  air  in  opening  the  bottle 
had  the  stock  of  the  alkaline  solution  been  carried  in  a  single  large 
flask.  The  normal  solution  was  seen  to  be  perfectly  clear  when 
poured  into  the  100  cub.  centim.  pipette,  although  it  had  travelled 
all  the  way  from  London  to  Teneriffe,  and  been  carried  on  mule-back 
to  near  the  summit  of  the  Peak.  But  a  circumstance  still  more  con- 
vincing of  the  satisfactory  state  of  the  solution  of  barium  was 
derived  from  the  examination  of  a  bottle  of  this  solution,  which  had 
accidentally  escaped  being  used  at  Teneriffe,  and  was  found  after  my 
return  on  unpacking  the  basket.  The  solution  in  this  bottle  exhibited 
a  small  number  of  white  specks  at  the  bottom,  there  were  so  few  that 
on  shaking  the  solution  looked  clear;  on  standing  the  specks  re- 
appeared.   I  subiected  t\na  fLaid  to  a  careful  analysis.   25  cub.  centims. 
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mixed  with  100  cub.  centims.  of  distilled  water  gave,  in  order  to 
neutralize  5  cub.  centims.  of  the  oxalic  acid  solution,  9*00  cub. 
oentims.  as  the  mean  of  six  determinations.  My  normal  solution  of 
barium,  analysed  in  London  before  leaving  for  Teneriffe,  had  yielded 
8*92  cub.  centims. ;  the  difference  was  only  by  0*08  cub.  centim.  This 
result  would  gpive  a  very  slight  deficiency  of  carbonic  acid,  but  the 
error  might  be  expected  to  correct  itself  in  a  number  of  experiments. 
Finally,  it  might  be  objected  that,  in  my  Alpine  experiment,  a  loss 
of  carbonic  acid  had  been  experienced  from  the  india-rubber  bag  inta 
which  the  expired  air  was  collected.  In  these  experiments  a  certain 
time  elapsed  after  filling  the  bag  previous  to  the  air  it  contained 
being  introduced  into  the  tube ;  this  lapse  of  time  ranged  between  a 
few  minutes  and  thirty-five  or  forty  minutes,  and  was  required  to 
allow  the  air  in  the  bag  to  cool  down  to  the  temperature  of  the  water 
in  the  tube.  No  doubt,  after  &  certain  time,  an  escape  of  carbonic 
acid  might  be  expected  to  take  place  through  the  substance  of  the 
india-rubber  bag,  but  no  such  escape,  in  any  appreciable  degree,  could 
have  occurred  during  the  above-mentioned  period.  This  I  determined 
experimentally  by  subjecting  a  sample  of  expired  air  to  analysis- 
immediately  after  filling  the  bag,  and  another  sample  of  the  air  from 
the  same  bag  some  time  later.  The  results  from  four  analyses  made  at 
Cannes  in  February  (1879)  were  as  follows : — 


Experiment. 

COj  expired 
per  minute. 

Time  bag  was 

exposed  to  the 

air. 

CO2  found 
after  waiting. 

Difference  per 
cent. 

1 

0-451 
0-411 
0-382 
0-462 

25  minutes 
27       „ 
50      „ 
30      „ 

0-454 
0-407 
0-380 
0-469 

0  -66  more. 

0  -97  less. 
0-52     „ 

1  •  5    more. 

2 

3 

4 

It  is,  therefore,  obvious  that,  in  my  experiments  on  the  Alps,  no 
appreciable  loss  of  carbonic  acid  through  the  substance  of  the  bag 
took  place  previous  to  the  air  being  subjected  to  analysis.* 

•  In  the  whole  of  these  experiments  the  air  had  been  aspired  into  the  tube  for 
analysis  by  means  either  of  a  nearly  saturated  solution  of  common  salt  or  of  water. 
It  had  not  occurred  to  me,  at  first,  that  the  fluid  adhering  to  the  inside  of  the  tube 
would  haye  a  material  influence  on  the  volumetric  analysis  which  was  to  follow. 
I  determined  the  mean  volume  of  fluid  thus  left  in  the  tube,  from  14  experiments, 
to  amount  to  3*3  cub.  centims. ;  an  error  thus  crept  into  the  analysis,  which,  though 
not  interfering  with  the  results  as  to  the  carbonic  acid  expired  in  the  Alps,  relatively 
to  each  other,  had,  however,  to  be  corrected  when  these  results  were  compared  with 
those  obtained  at  Teneriffe.  It  was  calculated  for  every  experiment  separately 
both  in  the  Alps  and  at  Teneriffe,  and  the  correction  was  made  accordingly.  This 
work  proved  very  laborious,  and  delayed  considerably  the  completion  of  this  paper. 
There  is  another  probable  slight  source  of  error  to  be  noticed  in  the  analysis  con- 
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It  is  known,  from  Dr.  Rattray's  important  researches,  alluded  to 
above,  that  the  body  loses  weight  by  a  change  from  a  temperate  to  a 
tropical  climate,  and  recovers  its  weight  on  returning  into  a  colder 
latitude,  the  loss  appearing  independent  of  the  amount  of  food  taken. 
This  falling  off  in  the  substance  of  the  body,  attended,  as  I  have 
Bhown,  by  an  increased  formation  and  expiration  of  carbonic  acid, 
must  be  due  to  increased  combustion  or  excessive  oxidation. 

It  is  difficult  to  ofPer  a  theory  to  explain  this  phenomenon  in  our 
present  knowledge  of  the  action  of  heat  on  the  living  body.  Cold  we 
know  to  increase  the  amount  of  carbonic  acid  formed  in  the  body, 
the  object  of  which  is  clearly  to  keep  up  animal  heat  to  its  normal 
standard ;  it  is  odd  indeed  that  an  increase  of  external  heat  should 
«xert  a  similar  influence.  I  do  not  think  it  necessary  to  do  more  than 
Allude  to  a  tendency  to  looseness  of  the  bowels  I  had  while  on  the 
Island  of  Teneriffe,  which  I  ascribe  to  the  heat  of  the  climate ;  the 
guide  informs  me  there  was  an  opposite  disposition  with  him  at 
Puerto,  on  the  seaside.  These  minor  circumstances  interfered  in  no 
way  with  our  health,  which  was  quite  good,  and  our  work  was  con- 
tinued nearly  daily,  and  all  day  long,  during  our  stay  at  Teneriffe. 

The  following  table  gives  the  result,  in  a  condensed  form,  of  the 
whole  of  my  inquiry  on  respiration  at  Teneriffe,  in  the  sitting  posture. 
(See  p.  609.) 

The  chronological  order  of  my  visits  to  the  several  stations  was — 

1.  Guajai'a. 

2.  Alta  Vista. 

3.  Foot  of  Cone. 

4.  Puerto  de  Orotava  (seaside). 

The  number  of  experiments  made  sitting  amount,  for  myself,  to  66, 
for  the  guide  to  66,  making  altogether  120,  and,  in  each  of  them,  a 
sample  of  air  expired  during  from  four  to  six  minutes  was  analysed. 
The  titrations  were  subsequently  all  made  by  myself  near  Geneva,  in 
the  open  air,  on  a  balcony,  and  in  order  to  guard  against  any  acci- 
dental mistake  in  the  calculations  of  the  analysis,  they  were  all  done 
by  myself  and  an  assistant  conjointly. 

There  was  but  a  very  slight  increase  in  the  carbonic  acid  expired  at 
the  two  highest  stations  beyond  the  amount  given  out  at  the  seaside, 
and  it  bore  no  comparison  with  the  excess  of  carbonic  acid  expired  at 
a  similar  altitude  above  the  sea  in  the  Alps.     The  mean  excess  of  the 

nected  with  the  Alpine  experiments,  though  not  with  those  of  Teneriffe,  and  owing 
to  the  circumstance  that  the  solution  of  common  salt  used,  probably  contained  a 
small  quantity  of  alkaline  sulphate,  the  alkali  set  free  by  the  action  of  the  barium 
exerted  an  influence  on  the  titration,  apparently  increasing  the  amount  of  carbonic 
acid  present  Experiments  made  with  three  different  samples  of  common  salt 
eihowed  mo  that  the  error  may  safely  be  limited  to  3  per  cent.,  and  is  certainly  much 
leas  in  manj  iustanceB. 
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two  highest  stations  on  TenerifTe,  abore  the  amount  expired  at  the  sea- 
side, is  only  1*2  per  cent.,  whieh  is  sb  small  as  to  be  hardly  worth 
recording.  In  the  Alps,  at  altitudes  somewhat  corresponding  with 
those  of  the  TeneriHe  station,  bat  in  a  much  colder  climate,  the  excess 
of  carbonic  acid  expired  at  the  highest  over  the  lowest  station  was 
15  per  cettt.,  while,  if  the  mean  of  the  four  high*  stations  over  the 
fifth  or  lower  station  be  taken,  it  will  give  an  excess  of  8*1  per  cent. 

In  the  case  of  the  guide;  there  is  not  only  no  increase  of  carbonic 
acid  expired  in  the  high  stations,  but  we  find  a  considerable  increase 
at  the  lowest  station  (above  the  two  others),  where  the  heat  felt,  and 
consequently  absorbed,  was  the  greatest;  this  increase  amounts  to  17*8 
per  cent. 

The  mean  volume  of  air  expired,  reduced  to  32°  and  the  seaside 
pressure,  was  observed  in  my  case  to  fall  by  14*5  per  cent,  from  the 
lowest  to  the  highest  station.  With  the  guide  there  is  also  a  decrease 
of  air  expii'ed  under  similar  circumstances  by  16'1  per  cent. 

I  find  the  percentage  of  carbonic  acid  in  the  air  expired  to  increase 
in  my  case  from  4*1  per  cent,  at  the  lowest  station  to  4'9  per  cent,  at 
the  highest,  while  with  the  guide  the  proportion  of  carbonic  acid  in 
the  air  exhaled  is  nearly  the  same  at  his  three  stations. 

The  frequency  of  my  respiration  undergoes  a  marked  reduction  at 
the  seaside,  though  nearly  the  same  at  mj  three  high  stations ;  the 
deduction  amounts  to  no  less  than  31  i2  per  cent.  In  the  case  of  the 
guide,  the  mean  number  of  respirations  per  minute  is  exactly  the  same 
at  his  two  high  stations,  but  also  falls  ofP  at  the  seaside  by  25*5  per 
cent. 

In  all  these  experiments  air  was  breathed  through  a  mouth-piece, 
and  on  that  account  the  rate  of  breathing  was  a  little  slower  and 
apparently  rather  deeper  than  if  no  mouth-piece  had  been  used.  The 
same  method  was  pursued  in  every  experiment,  so  that  the  results  may 
be  compared  with  each  other  with  all  due  regard  to  strict  accuracy. 

;    Bespiration  dwring  a  Measured  Amount  of  Muscular  Exercise, 

In  my  former  communication,  I  related  a  certain  number  of  experi- 
ments referring  to  the  increased  expiration  of  carbonic  acid  while  in 
the  act  of  ascending.  Since  then  it  occurred  to  me  that  an  inquiry 
into  the  amount  of  carbonic  acid  expired  during  a  well-regulated 
walking  exercise  would  yield  interesting  results.  From  the  difficulty 
of  regulating  exactly  the.  degree  of  muscular  power  exerted  while 
walking,  it  occurred  to  me  that  some  arrangement,  on  the  principle  of 
a  tread- wheel,  was  more  likely  to  answer  my  purpose,  and  I  finally 
adopted  the  tread-boards  or  rocking-boards  described  at  the  beginning 
of  the  present  communication.  While  using  these  boards  we  raised  a 
weight  of  395  lbs.  forty-five  times  per  minute,  as  measured  by  a 
metronome,  to  a  heigtt  oi  5*06  mchea  for  every  step. 
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Before  collecting  the  air  expired,  the  boards  were  worked  at  the 
rate  af  forty-five  steps  per  minute  for  a  short  time,  in  order  to  bring 
ihe  body  thoroaghly  under  the  conditions  of  the  experiment. 

The  68*4  litre  bag  connected  with  the  water  gauge  was  held  by  the 
hand  in  the  proper  position,  and  at  the  same  time  as  the  first  expira- 
tion into  the  bag  was  comnienced  a  preconcerted  signal  caused  the 
assistant  to  start  the  time*piece.  A  little  practice  made  it  quite  easy 
to  step  in  time  with  the  beats  of  the  metronome,  counting  the  number 
of  expirations.  As  soon  as  the  water  gauge  showed  a  pressure  of  one 
inch,  the  watch  was  stopped  and  the  number  of  expirations  imme^ 
diately  recorded. 

The  experiment  was  then  completed  as  usual. 

Six  experiments  were  made  by  each  of  ub  at  the  difierent  stations, 
and  the  results  are  entered  in  the  following  table : — (See  p.  612.) 

On  considering  in  this  table  the  amount  of  carbonic  acid  exhaled,  it 
will  be  observed  to  vary  but  little  at  the  different  stations  for  both 
myself  and  the  guide  respectively.  In  my  case  the  amount  expired 
at  10,700  feet  and  seaside  is  nearly  the  same,  while  there  is  a 
moderate  increase  at  Guajara,  the  intermediate  station.  In  the  case 
of  the  guide  the  amount  expired  at  the  two  highest  stations  is  much 
alike,  and  there  is  a  moderate  decrease  at  the  lower  station. 

The  proportion  between  the  inean  carbonic  acid  expired  sitting 
and  on  the  rockiug-boards  for  each  of  us  respectively  at  the  various 
stations  were : — 

FormjselfL  For  the  guide. 

AltaVista  Ito205  1  to  2 '23 

Guajara    1  „  2 '35  1  „  2  35 

Puerto l„20l)  .."....     1  „  1  78 


Mean 1  „  2  15  1  „  2  12 


Consequently,  the  proportion  of  COa  is  a  little  higher  for  both  of  us 
at  the  intermediate  station,  while  the  total  mean  in  each  case  is  as 
near  as  possible  identical,  and  may  be  safely  considered  as  the  same. 
These  figures  show,  moreover,  that  while  engaged  with  the  regulated 
work  on  the  tread-board,  we  each  of  us  expired  nearly  twice  as  much 
carbonic  acid  as  in  the  sitting  posture. 

The  mean  volume  of  air  expired  per  minute,  reduced,  is  for  myself 
considerably  smaller  at  the  highest  station  than  at  the  two  others ; 
while  in  the  case  of  the  guide  we  observe  a  slight  falling  off  in  the 
volume  of  air  expired  at  the  middle  station. 

If  the  relation  between  the  volume  of  air  and  weight  of  carbonic 
acid  expired  for  each  of  us  at  all  the  stations  be  calculated,  it  will  be 
found  that  for  myself  1  grm.  of  carbonic  acid  (expired  on  the  tread- 
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boards)   corresponded  to   1*20  litre  of  air,  while  with  the   gaide 
1  gprm.  of  carbonic  acid  corresponded  to  1*48  litre.  . 

As  the  mean  results  obtained  for  the  amount  of  carbonic  acid 
expired  sitting  and  while  on  the  tread-boards,  agrees  so  well  with 
both  of  us  respectively,  I  have  thought  it  worth  while  to  calculate 
the  mechanical  power  developed  by  the  combustion  of  the  amount  of 
carbon  burnt  while  working  the  tread-boards,  in  excess  of  that  con- 
sumed in  the  sitting  posture.  17*92  kilos,  were  raised  to  a  height  of 
128*5  millims.,  46  times  per  minute. 

Per  100  kilos. 
Mean  carbonic  acid  per  minute  on  the  tread-board    1  '435 
„  „  sitting 0*676 


Excess  „      expired  on  the  tread-boards 0  *759  grm. 

Corresponding  to  103*6  kUogrammetres  (01285x17*92x45=103*6) 
of  work  done,  or  000733  (103*6  :  0*759=1  :  x )  COj  expired,  was 
equal  to  an  oxidation  of  0*002  grm.  carbon,  capable  of  raising  1  kilo, 
to  1  metre. 

From  Watts'  Dictionary  of  Chemistry  (vol.  iii,  pp.  105  and  129) 
the  mechanical  action  of  one  unit  of  heat=423'5  gramme-metreSi 
apd  one  gramme  of  carbon  yields  by  its  combustion  8080  units  of  heat. 
Therefore,  1000  gimmes  carbon =8080000  units  of  heat  yielding 
(8080000x423*5)  3421880000  gramme-metres  or  3421880  kilogram- 
metres  for  the  mechanical  action  of  1  kilogramme  of  carbon. 
.  The  relation  between  the  above  theoretical  mechanical  power  of 
burning  carbon  and  the  actual  mechanical  power  found  to  be  evolved 
in  my  experiments  was  as  follows  :— 

1000  grms.  :  3421880=0*002  :  x  .     x  =6-84. 

Therefore  we  only  applied  - — ,  or  0*147  of  the  power  the   carbon 

6*84 

we  burnt  on  the  tread-boards  (in  excess  of  that  consumed  sitting) 

was  theoretically  able  to  exert.* 

As  to  the  percentage  of  the  carbonic  acid  in  the  air  expired,  while 
on  the  tread-boards,  it  increases  at  the  highest  station  in  my  case,  and 
this  increase  is  somewhat  gradual  from  the  lowest  to  the  highest 
station.  With  the  guide  the  maximum  percentage  is  met  with  at  the 
middle  station. 

The  frequency  of  the  respiration  increased  in  my  case  from  the 
lowest  to  the  highest  station,  while  with  the  guide  it  is  slightly  in-^ 

*  There  is  so  little  carbonic  acid  present  in  the  atmosphere,  especially  at  some 
altitude  aboye  the  sea  (M.  P.  Truchot,  "  Cojnpt.  Bend,  de  TAcad^mie/'  vol.  Ixxvii, 
]87d),  that  its  presence  in  the  air  breathed  has  not  been  taken  into  account  in  this 
calculation. 
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creased  at  the  middle  station,  xmdergomg  a  marked  and  sndden  reduc- 
tion at  the  seaside. 

Water  Expired  from  the  Lungs  at  the  Various  Stations, 

The  third  part  of  my  paper  refers  to  the  moisture  exhaled. 

It  was  apparent  at  the  outset  that  a  falling  off  in  the  atmospheric 
pressure,  from  rising  above  the  sea,  would  be  attended  with  a  corre- 
sponding increase  of  evaporation,  from  the  lungs,  and  a  proportional 
cooling  effect  on  the  respiratory  organs.  The  apparatus  used  for  the 
inquiry  was  disposed  as  follows  : — r 

A  tube  drawn  out  at  both  ends  was  loosely  filled  with  fragments  of 
calcic  chloride;  it « was  lai^e  enough  fo  ensure  the  absorption  of 
the  whole  of  (hQ  vapour  expired  in  three  minutes..  One  end  of  the 
tube  was  connected  with  one  of  my  large  india-rubber  bags,  while  the 
other  end  had  a  ring  of  vulcanised  india-rubber  fixed  round,  to  which 
the  mouth  was  applied.  A  delicate  spring  valve  (by  Coxeter)  wail 
fitted  into  the  neck  of  the  tube  next  the  bag,  and  was  weighed  with 
the  tube ;  it  effectually  prevented  any  admission  of  air  into  the  tube 
except  that  given  out  from  the  lungs.  Either  the  tube  or  the  bag 
was  placed  in  communication  with  a  water  gauge  by  a  neck  and  india- 
rubber  tubing.  Every  now  and  then  the  calcic  chloride  was  tested  as 
to  its  power  of  retaining  all  the  moisture ;  this  was  done  by  con- 
necting another  similar  tube  with  it  and  weighing  it  after  breathing 
through  them  both.  No  mouthpiece  was  used  in  these  experiments, 
as  moisture  was  found  to  deposit  on  anything  interposed  between  the 
mouth  and  tube.  The  air  breathed  was  inspired  through  the  nose 
only  while  the  whole  of  the  air  expired  was  driven  through  the 
tube,  the  nose  being  kept  closed  with  the  thumb  and  index.  I  found 
no  difficulty  in  doing  this  with  accuiacy ;  great  care  was  taken 
to  keep  the  saliva  from  flowing  into  the  tube  tpgether  with  the 
air  expired.  Except  in  the  case  of  a  few  experiments  at  the  sulhmit 
of  the  Peak,  I  alone  submitted  myself  to  this  part  of  the  inquiry. 
The  experiments  were  made  by  series  of  usually  three  at  a  time,  the 
figures  g^ven  in  my  table  are  the  means  of  those  of  the  different 
series. 

The  numbers  act n  ally  obtained  gave,  of  course,  the  weight  of  the 
moisture  evaporated  from  the  lungs,  together  with  that  of  the  atmo- 
spheric hamidity  of  the  air  exhaled;  a  correction  had,  therefore,  to  be 
made.  I  determined  the  atmospheric  humidity  by  means  of  dry  and 
wet  bulb  thermometers,  and  the  corresponding  weight  of  moisture  in 
a  given  bulk  of  air  was  taken  from  Glaisher's  hygro metrical  tables 
(fifth  edition). 

The  results  from  these  experiments  have  been  condensed  in  the 
following  table : — 
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Moiflture  Expired  less  Atmospheric  Humidity  Inhaled. 


Stfttiooa. 


Barome- 
trical 
pressure. 


Inches. 


Number 

of  experi« 

meats* 


Meau 
oorrectioQ 

for 
humiditj 
'  inhalecL* 


Moisture 
expired 

corrected 

for  atmo- 
spheric 

liumiditj. 


Moisture 

(corrected) 

expired 

per  litre. 


Self, 


Summit  of  Peak, 

12,200  feet. 
Alta  Yiita,  10,700 

feet. 
Gkiajara,  7,090  feet 

Puerto,  seaside  . . . 


Summit  of  Peak, 
12,200  feet. 


17  -998 

3 

0-043 

0  321 

20-513 

38 

0-066 

0  314 

23-897 

22 

0-OiO 

0-217 

22-922 

86 

0-106 

0-183. 

Cupelin, 
17*993  8 


0  060 


0-459 


0-0339 

0  0330 

No  deter* 

minatioD. 

0  0237 


0  0348. 


It  was  not  without  some  trouble  that  a  few  suooessful  determina^ 
tions  of  the  moisture  expired  were  obtained  at  the  highest  point  of 
the  Peak,  12,200  feet  above  the  sea.  This  summit  is  a  oup-shaped 
depression,  about  half  a  mile  in  diameter,  volcanic  rooks  towering 
round  it.  The  depth  of  this  crater  does  not  appear  to  exceed  30  or 
4f0  feet,  and  there  is  no  difficulty  in  walking  across  it  in  any 
direction.  The  floor  of  the  ci*ater  consists  oi  a  light  white  sandy 
material  mixed  at  places  with  crystals  of  sulphur,  while  rooks  crop  ont 
here  and  there.  There  was  a  great  difficulty  in  finding  a  spo0 
sheltered  from  the  sun  where  I  could  place  my  balance  and  sit  down 
to  breathe  through  the  tube.  At  last  some  shade  was  obtained  for 
the  balance  by  means  of  a  blanket,  and  we  managed  to  creep  into  a 
narrow  place  between  two  rocks,  where  the  sun's  rays  oould  not 
penetrate.  The  heat  was  intense,  the  sun  pouring  down  upon  th^ 
Peak  from  a  perfectly  clear  sky,  and  everything  being  nearly  too  hot 
to  be  touched,  notwithstanding  the  intense  terrestrial  radiation  at  that 
altitude.  Apparently  every  circumstance  combined  to  baffle  my 
experiments ;  the  balance  would  not  remain  in  a  horizontal  position ;  a 
light  oreeze  kept  blowing  the  fine  sand  about,  and  I  had  constantly  to 
remove  the  beam  of  the  balance  to  wipe  the  points  of  suspension ; 
then  the  blanket  would  not  keep  in  its  required  position ;  and  I  had 
to  lay  down  at  full  length  on  the  hot  sand  without  any  shelter  from 
the  sun  to  get  through  the  weighings. 

•  Calculated  from  Glaisher's  Hygrometrical  Tables. 
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The  few  experiments  I  succeeded  in  completing  at  that  spot,  showed 
an  evaporation  of  water  from  the  lungs  above  that  expired  at  the  sea- 
side, equal  to  0*141  grm.  per  minute,  or  43*5  per  cent. 

If  the  weight  of  moisture  expired  at  the  three  principal  stations  be 
considered  together  with  the  aUitvdes  of  the  stations,  a  certain  relation 
will  be  found  to  exist  between  them ;  this  relation  is  established  in 
the  following  table,  showing  what  the  proportions  of  humidity 
expired  would  amount  to  if  calculated  with  reference  to  the  barome* 
trical  pressures.  These  figures  are  entered  in  the  column  of  the 
following  table  headed  Theory, 

Water  Expired. 


Barometer. 

Theory. 

Found. 

Differenoe. 

Puerto, . . .  760    millima. 
Guajars . .  •  594  '4      „ 
AltaVista.  521 -4      ,, 

0*  183  grm. 
0-234    „ 
0-267    „ 

0-183  grm. 
0  247    ,. 
0-314    „ 

6  per  cent. 
15        „ 

The  results  obtained  show,  therefore,  that  the  evaporation  of 
moisture  from  the  lungs  increases  as  the  barometer  falls.  The  ratio 
is,  however,  no  more  than  approximate.  1  question  whether  a  similar 
result  would  be  obtained  in  the  Alps,  where  the  cold  at  certain  heights 
must  exert  a  considerable  influence  on  the  evaporation  from  the  lunga 
and  air  passages. 


Beeulisfrom  the  Investigation^, 

The  refiults  I  have  obtained  from  my  experiments  on  the  Island  of 
Teneriffe  may  be  expressed  as  follows : — 

1.  -The  mean  of  the  whole  amount  of  the  carbonic  acid  expired  at 
the  three  stations  (the  experiments  at  the  foot  of  cone  not  included) 
in  the  sitting  posture,  and  determined  from  60  experiments  in  my 
case  and  55  in  that  of  the  guide,  was  proportional  to  the  weights 
of  our  bodies  respectively,  and  amounted  to  Q7Q  mgms.  per  100  kilos, 
for  each  of  us. 

2.  The  mean  weight  of  the  whole  carbonic  acid  expired  at  the  three 
stations  while  engaged  with  the  same  amount  of  measured  muscular 
work,  and  determined  from  18  experiments  for  each  of  us^  was 
respectively  proportional  to  the  weights  of  our  bodies. 

3.  The  mean  weight  of  carbonic  acid  expired  by  both  of  us 
(with  one  exception  only)  was  highest  during  the  first  or  second  hour 
after  a  meal,  while  it  diminished  by  degrees  as  time  elapsed  since  food 
was  taken.     This  agrees  with  my  results  obtained  in  the  Alps. 

4.  The  mean  weight  of  carbonic  acid  expired  by  myself  on  the 
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Island  of  Teneriffe  is  greater  than  it  had  been  in  the  Alps,  and,  more<» 
over,  this  same  result  holds  good  for  corresponding  altitudes.  The 
mean  excess  for  all  the  experiments  on  Teneriffe  in  the  sitting 
posture,  amounts  for  mjself  to  14'0  per  cent.  It  was  at  the  seaside 
that  the  increase  in  mj  case  reached  the  maximum,  18*7,  when  com- 
pared with  the  weight  of  carbonic  acid  expired  near  the  Lake  of 
Geneva.  I  have  only  four  experiments  to  place  on  record  made  on 
the  guide  in  the  Alps  (St.  Bernard)  ;  these  compared  with  the  means 
of  the  experiments  to  which  he  subjected  himself  at  the  seaside, 
Teneriffe,  gave  for  the  latter  station  an  increased  expiration  of  car* 
bonic  acid  by  17*5  per  cent.  There  was,  however,  no  increase  for  the 
higher  stations  at  Teneriffe. 

5.  While,  in  the  Alps,  the  maximum  quantity  of  carbonic  acid  was 
expired  by  myself  at  the  highest  station,  13,685  feet  above  the  sea, 
where  the  body  underwent  the  greatest  degree  of  cooling,  especially 
from  the  low  temperature  of  the  air ;  on  the  Peak  of  Teneriffe,  the 
weight  of  carbonic  acid  I  expired  at  the  various  stations  differed  but 
little. 

6.  The  weight  of  carbonic  acid  expired  in  a  given  time  by  myself 
on  the  Peak  of  Teneriffe  varies  but  little  from  one  station  to  another, 
although  I  show  a  tendency  to  give  out  slightly  more  of  this  gas  at  the 
two  highest  stations — ^mean  altitude  11,222  feet — than  at  either  7,090 
feet  high,  or  the  seaside.  The  increase  for  the  mean  of  the  two 
highest  stations  above  the  amount  expired  at  the  seaside  is  only  1*2 
per  cent.  In  the  Alps,  the  excess  of  carbonic  acid  I  expired  at 
13,685  feet,  over  the  amount  given  out  near  the  Lake  of  Geneva  at 
1,230  feet,  or  for  a  difference  of  altitude  of  12,455  feet,  amounted  to 
15  per  cent.  This  result  is  accounted  for  from  the  temperature  of 
the  air,  which  was  much  colder  in  the  Alps  than  on  the  Peak  of 
Teneriffe. 

In  the  case  of  the  guide,  a  great  deal  more  carbonic  acid  was 
expired  at  the  seaside  on  the  Island  of  Teneriffe  than  on  the  Peak, 
the  excess  amounting  to  17  per  cent. ;  while  I  expired  about  as  much 
carbonic  acid  at  every  altitude  on  that  Island.  This  occurred  appar« 
ently  because  the  guide  perspired  more  than  I  did  at  the  higher 
stations ;  moreover,  I  am  accustomed  to  live  at  the  sea  level,  while 
the  guide  had  never  been  away  from  the  Alps,  and  his  life,  in  summer, 
is  spent,  in  a  great  measure,  accompanying  tourists  to  the  highest 
peaks  and  passes  in  the  Alps ;  his  home  at  Chamounix  is  3,451  feet 
above  the  sea. 

7.  The  volume  of  air  I  expired  per  minute  reduced  to  32^  F.  and 
seaside  pressure  decreased  gradually  from  the  seaside  to  an  altitude  of 
11,745  feet,  the  difference  for  the  two  extreme  stations  amounting  to 
14' 6  per  cent.  This  result  agrees  to  some  extent  with  that  obtained 
in  ^e  Alps,  although  the  Alpine  decrease  amounted  only  to  5*6  ^er. 
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cent.  The  Yolume  of  air  expired  in  the  case  of  the  g^nide  exhibits  a 
fiimilar  change,  amounting  to  22*6  per  cent.,  but  the  decreaae  stops  at 
Guajara,  the  intermediate  station.  The  total  mean  volume  of  air 
expired  per  minute,  at  every  station  (the  foot  of  the  cone  excepted), 
while  in  a  sitting  posture,  was  for  mjself  5*36  litres,  and  for  ihe  guide 
6*76  litres. 

8.  The  percentage  of  carbonic  acid  in  the  air  expired  exhibits 
nearly  the  same  changes  on  the  Island  of  Teneriffe  as  in  the  Alpa. 
At  Teneriffe  it  rose  from  4*1  per  cent,  at  the  seaside  to  4*9  per  cent, 
at  11,945  feet,  while,  in  the  Alps,  the  proportion  had  varied  from 
8-8  per  cent,  at  1,230  feet  to  4*7  per  cent.  (St.  Bernard)  at  9,403 
feet.  If  the  total  mean  proportion  of  carbonic  acid  in  the  air  expired, 
redu6ed,  for  the  three  stations  of  Alta  Yista,  Gnajara,  and  Paefto  be 
calculated,  it  will  be  found  to  amount,  for  myself,  to  4*4  per  cent,  and 
for  the  guide  to  4*6  per  cent.,  or  to  be  nearly  the  same.  The  mean 
from  the  eighty<-nine  experiments  I  made  in  the  Alps,  in  the  sitting 
posture,  yielded  4*2  per  cent,  of  carbonic  acid  expired. 

9.  The  frequency  of  the  expirations  fell  considerably  in  both  oases 
at  the  seaside,  or  increased  on  rising  above  the  sea,  but  was  much  the 
same  for  each  of  us  respectively  at  the  different  stations  on  the  Peak. 
The  redaction  at  the  seaside,  from  the  mean  frequency  of  respiration 
at  the  upper  stations,  amounted  for  myself  to  31*2  per  cent.,  and  for 
the  guide  to  25*5  per  cent.  In  the  Alps  there  had  been  a  somewhat 
gradual  rise  of  the  frequency  of  the  respirations  between  the  lowest 
and  highest  stations,  equal  in  my  case  to  34*9  per  cent. 

10.  While  raising  with  the  feet  a  weight  of  39*5  lbs.  to  an  elevation 
of  5*06  inches  forty-five  times  per  minute,  we  both  expired  the  least 
amount  of  carbonic  acid  at  the  lowest  station,  and  the  most  at  the 
intermediate  station,  7,090  feet  high.  The  fluctuation  between  the 
various  stations  was  much  the  same  for  each  of  us  respectively, 
although  the  actual  amount  expired  by  each  of  us  differed  in  a 
marked  degree.  The  mean  relation  for  both  of  us  respectively, 
between  the  carbonic  acid  expired  sitting  and  on  the  rocking-boards, 
was  found  to  be  the  same,  and  a  trifle  over  twice  the  weight  of  the 
carbonic  acid  expired  sitting. 

The  volume  of  air  breathed  while  at  work  was  decidedly  less  in  my 
case  at  Alta  Vista  than  at  the  two  lower  stations,  with  the  guide  there 
was  a  falling  off  in  the  air  expired  at  Guajara.  The  mean  volume  of 
air  expired  per  minute,  in  all  the  experiments  on  the  rocking-boardfi, 
was  for  myself  11*56  litres,  and  for  the  guide  13*95  litres. 

The  general  result  obtained,  with  reference  to  this  subject,  was  that 

the  relation  between  the  volumes  of  air  expired  while  sitting,  and 

while  engaged  with  a  regulated  amount  of  muscular  work,  was  the 

same  as  the  relation  found  to  exist  between  the  weights  of  carbonic 

acid  expired  under  Buciii  cixc\xin&tBiSv.0Q8^  and  moreover  that  these  pnK 
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portions  were  practically  the  same  for  both  of  us.     The  relations  are 
as  follows  :• — 


g^w  f  Air  expired. > . . . 

\  Oarbonio  acid  expind. . 

l/upeun  -j^  (jiupbQnic  acid  expired 

Sitting. 

Rocking-board. 

Relations. 

5*36  litres 
0*469  grm. 
6*72  litres 
0*603  gna. 

11-56  Htres 
1*011  grms. 

1895  litres 
1*269  grms. 

1  :  216 
1  :  216 
1  :  207 
1  :  2*10 

As  to  the  frequency  of  the  respiration,  while  at  work  on  the  rocking, 
boards,  it  was  the  greatest  with  me  at  the  highest  station,  and  with 
the  gpiide  at  the  intermediate  station ;  in  both  cases  it  was  the  lowest 
at  the  seaside.  The  mean  freqnencj  amounted,  in  my  case,  to  12*4 
per  minute  against  10*2  sitting,  giving  a  relation  of  1*22 ;  or  for 
1  respiration  (expiration)  sitting,  I  took  1*22  respiration  on  the 
tread-board.  With  the  gnide,  the  corresponding  figures  were  11*0 
against  9*7,  and  the  relation  1*13;  so  that  for  1  respiration  sitting, 
the  guide  took  1*13  respiration  on  the  tread-board.  His  breathing 
while  taking  muscular  exercise  was,  therefore,  relatively  rather  slower 
than  mine  had  been  under  similar  circumstances. 

11.  The  results  obtained  from  the  determination  of  the  water  expired^ 
or  evaporated  from  the  lungs  and  air-passages,  show  distinctly  that 
the  moisture  exhaled  increases  as  a  person  rises  above  the  sea.  On 
the  Island  of  Teneriffe,  where  the  temperature  in  the  shade  is  com- 
paratively high,  even  at  great  altitudes,  there  is  a  tendency  to  the 
degree  of  evaporation  being  in  an  inverse  ratio  to  the  atmospheric 
pressure. 

It  is  very  obvious  that  this  increased  evaporation  as  altitude  increased 
must  have  caused  a  corresponding  loss  of  heat,  or  cooling  of  the 
lungs  and  air-passages ;  I  felt  this  very  much  at  night,  when  the 
temperature  of  the  air  frequently  fell  below  freezing  outside  my  tent. 
Of  course,  no  number  of  blankets  on  our  beds  could  check  that  source 
of  cold. 

The  amount  of  water  evaporated  from  my  lungs  and  air-passages 
during  twelve  hours  of  daytime,  calculated  from  the  above  data, 
would  be — 

At  Alta  Vista  . .         . .         226'1  grms. 

At  Guajara   . .  . .  . .,         177*8 

At  Puerto  (seaside). .  . .         181-7 

The  correction  to  be  applied  from  the  moisture  present  in  the  air 
breathed  increased,  of  course,  very  much  at  the  seaside,  where  it 
formed  a  considerable  proportion  of  the  moisture  actually  present  in 
the  air  expired. 


>> 
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V.  "  Further  Researches  on  the  Physiology  of  Sugar  in  relation 
to  the  Blood."    By  F.  W-  Pavy,  M.D.,  F.R.S.    Received 
.  April  3,  1879. 

The  resnlis  brought  forward  in  this  communication  are  supplemen- 
tary to  those  published  in  the  '*  Proceedings  of  the  Royal  Society  "  for 
June,  1877  (vol.  xxvi,  pp.  314,  846). 

The  first  of  these  communications  was  devoted  to  the  consideration 
of  the  quantitative  determination  of  sugar  for  physiological  purposes. 
Some  important  physiological  conclusions  had  been  drawn  by  Bernard 
from  the  results  obtained  through  a  modified  method  introduced  by 
him  of  employing  Fehling's  solution.  1  pointed  out  the  manner  in 
which  I  considered  the  process  in  question  to  be  open  to  fallacy,  and 
showed  that  the  results  yielded  by  it  differed  to  a  marked  extent  from 
those  yielded  by  a  gravimetric  method,  which  I  described,  of  using  the 
copper  test. 

I  have  since  continued  my  investigations,  and  have  now  results  to 
bring  forward  obtained  by  another  process,  which  1  described  in  a  com- 
munication read  at  the  Royal  Society,  January  16, 1879,  and  published 
in  the  "  Proceedings,"  vol.  xxviii,  p.  260.  This  process  does  not  differ 
in  principle  of  action  from  Bernard's,  and  if  therfe  were  no  fallacy  in 
either  case  involved,  the  results  yielded  by  the  two  should  agree.  In 
both  the  reduction  of  the  oxide  of  copper  is  made  to  occur  without 
the  precipitation  of  the  reduced  oxide,  so  that  the  change  to  be  watched 
in  the  action  of  the  test  is  a  progressive  decoloration,  unobscnred  by 
the  presence  of  any  deposit.  In  Bernard's  process  this  result  is 
brought  about  by  the  action  of  potash  in  a  concentrated  form  upon  the 
organic  matter  incidentally  present  in  the  product  prepared  for  exami* 
nation,  and  the  agency  in  force  is,  according  to  the  view  I  have 
expressed,  the  development  of  ammonia.  In  my  own  process,  for 
particulars  regarding  which  I  must  refer  to  the  published  communica- 
tion in  the  "  Proceedings,"  ammonia  is  added  to  the  test,  and  no  fixed 
alkali  employed  beyond  that  present  in  Fehling's  solution. 

By  means  of  this  new  process  an  opportunity  is  afforded  of  ascer- 
taining on  which  side  the  fault  lies  in  the  disagreement  between  the 
results  obtained  by  Bernard's  and  the  gravimetric  method. 

The  accompanying  table  contains  the  results  given  by  the  applies* 
tion  of  the  three  processes  to  six  specimens  of  blood. 

The  figures  in  the  first  two  columns  are  derived  from  the  analyses 
respectively  conducted  with  the  use  of  potash  (Bernard's  plan)  and 
ammonia,  and  with  the  adoption  of  Bernard's  proposition  that  the 
liquid  obtained  from  equal  weights  of  blood  and  sulphate  of  soda 
measures,  in  cub.  centims.,  four-fifths  of  the  total  weight  in  grammes 
of  the  sulphate  of  soda  &XLdL\Aoo^^ak&Ti« 


1879.]         Physiology  of  Sugar  in  relation  to  the  Blood, 


521 


The  figares  in  the  next  two  colnmns  represent  the  results  given  by 
the  same  two  processes  of  analysis  applied  to  the  product  obtained  after 
the  plan  adopted  for  the  gravimetrio  process.  The  blood  is  treated 
with  sulphate  of  soda,  filtered,  the  coagulum  thoroughly  washed  to 
extract  all  the  sugar,  and  the  filtrate  and  washings  brought  to  a  known 
Yolume. 

The  last  column  furnishes  the  mean  of  two  gravimetric  analyses 
carried  out  upon  two  portions  of  the  blood  distinct  from  that  employed 
for  the  analyses  in  columns  3  and  4, 


Besults  given  by  Bernard's,  the  Ammoniated  Cupric,  and  the  Gravi- 
metric Processes  for  the  quantitative  determination  of  Sugar  in 
Blood. 


Source. 

Sugar  per  1,000  parts. 

With  Bernard's  formula 
for  estimating  Tolume 
of  liquid  derived  from 
the  blood« 

Preparation    of     blood 
product    by  the    pro- 
cess employed,  for  the 
giaTimetric  method. 

GhnaTimetrie 
process. 

Mean  of  two 
analyses* 

Bernard's 
potash 
process. 

Ammoniated 
cuprio  • 
process. 

Bernard's 
potash 
process. 

Ammoniated 

cupric 

process. 

I.  Sheep .  •  •  • 
II.  Bollock  .. 

ni.  Bullock  . . 

IV,  Sheep.... 

V.  Bullock  .. 

VI.  Sheep.... 

0-930 
1-212 
1-668 
0-888 
0-816 
0-879 

0-660 
0-901 
1-130 
0-579 
0-634 
0-635 

0*842 
0-980 
1-240 
0-905 
0-839 
0-945 

0-571 
0-660 
0-896 
0-567 
0-669 
0-660 

0-589 
0-735 
0-921 
0*538 
0-6U 
0-631 

On  looking  at  the  results  the  first  point  to  which  attention  may  be 
directed  is  that  evidence  is  supplied  showing  that  reliance  cannot  be 
placed  upon  the  formula  adopted  by  Bernard  for  calculating  the  volume 
of  liquid  derivable  from  the  weight  of  blood  taken  for  analysis.  The 
figures  in  columns  3  and  4  were  drawn  from  direct  observation,  and  if 
the  formula  supplied  correct  information,  the  results  in  columns  1  and 
3  and  2  and  4  should  respectively  coincide.  It  is  noticeable,  however, 
that  whilst  in  some  instances  they  approach  closely  towards  agreementi 
in  others  there  is  a  pretty  wide  divergence. 

In  the  second  place  it  is  seen  that  the  results  obtained  by  the  method 
of  analysis  involving  the  employment  of  the  potash  stand  considerably 
higher  than  those  yielded  by  the  ammoniated  form  of  -the  test.  It 
may  be  assumed  that  in  the  action  of  the  potash  on  the  incidental 
organic  matter  present  to  give  rise  to  the  required  condition  for  main- 
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taining  the  suboxide  in  the  dissolved  state,  a  rednoing  substance 
becomes  developed,  or  else  that  the  amount  of  oxide  of  copper  appro* 
priated  to  the  oxidation  of  the  sugar  becomes  altered  in  the  presence 
of  the  large  amount  of  potash  which  it  is  necessary  to  emploj. 

Lastly,  it  may  be  observed  that  a  close  conformity  exists  between 
the  figures  in  columns  4  and  5.  The  results  obtained  by  the  gravi- 
metric method  are  thus  confirmed  by  the  volumetric  results  obtained 
by  means  of  the  ammoniated  form  of  the  cupric  test.  Seeing  that 
separately  prepared  specimens  of  the  respective  samples  of  blood  were 
submitted  to  the  two  kinds. of  analysis,  the  conformity  is  certainly 
striking,  and  gives  strong  weight  to  the  validity  of  the  results  yielded 
by  the  gravimetric  method. 

One  of  the  points  referred  to  in  my  second  communication  *  is  the 
spontaneous  disappearance  of  sugar  from  the  blood  after  withdrawal 
from  the  body.  It  is  a  part  of  Bernard's  doctrine  that  the  natural 
seat  of  destruction  of  sugar  within  the  system  is  in  the  systemic 
capillaries,  and  if  it  can  be  shown  that  an  active  disappearance  of 
sugar  occurs  in  the  blood  after  removal  from  the  vessels,  support  is 
given  to  his  proposition.  I  cited  the  observation  which  has  been 
adduced  by  Bernard  to  illustrate  that  a  marked  aptitude  exists  for  the 
disappearance  of  sugar  under  the  circumstances  named.  According  to 
this  observation,  a  reduction  from  1*070  to  0*880  parts  per  1,000 
occurred  during  the  first  half -hour,  and  at  the  end  of  24  hours  the 
analytical  result  obtained  is  represented  as  standing  thus — 0*000.  I 
stated  that  my  own  experience  furnished  evidence  of  a  widely  different 
nature,  and  introduced  the  figures  yielded  by  five  observations  in  proof 
of  this  assertion. 

The  gravimetric  process  is  only  suited  for  the  examination  of  blood 
before  decomposition  has  set  in,  as  the  result  would  be  vitiated 
by  the  presence  of  ammonia  as  a  product  of  decomposition,  the  effect 
being  an  interference  with  the  deposition  of  the  cuprous  oxide.  With 
ihe  ammoniated  cupric  test,  however,  any  state  is  suitable ;  and  since 
my  communication  of  June  21st,  1877,  was  published,  I  have  applied 
tMs  process,  as  well  as  Bernard's  potash  process,  to  blood  which  has 
been  kept  for  lengthened  periods,  instead  of  limiting  the  examination, 
as  I  had  previously  done,  to  the  first  twenty-four  hours.  The  results 
obtained  were  quite  unlocked  for,  and  quite  irreconcileable  with  the 
representation  in  Bernard's  observation,  which  has  been  referred  to, 
that  at  the  end  of  twenty-four  hours  the  blood  ceased  to  give  any 
indication  of  the  presence  of  sugar. 

I  have  before  me  a  large  amount  of  recorded  experience,  but  need 
only  select  a  few  illustrative  examples,  for  the  information  supplied  lis 
of  the  same  nature  throughout.  In  no  case,  although  the  blood  had 
acquired  a  highly  offensive  character  from  putrefaction,  has  it  failed  to 

»  «  Proc'BLoy,  Socu,"  yok  xxW,  p.  346. 
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exercise  a  decided  amount  of  reducing  power  over  tlie  copper  test.  It 
will  lie  seen  in  the  succeeding  observations  that  there  is  a  period  during 
the  first  few  days  when  the  reducing  power  undergoes  a  pretty  sudden 
fall,  and  that  it  afterwards  remains  nearly  stationary.  If  the  reducing 
Itction  is  to  be  attributed  to  sugar,  and  sugar  only,  it  would  have  to  be 
said  that  sugar  can  exist  in  a  mass  of  putrefied  blood  without  under- 
going destruction.  It  seems  to  me,  and  this  view  is  supported  by 
evidence  to  be  presently  adduced  derivable  fro^i  the  addition  of  sugar 
to  decomposing  blood,  that  there  is  another  reducing  substance  present 
besides  sugar  which  is  not  affected  in  a  simihur  manner  by  contiguous 
decomposition.  The  period  of  sudden  fall,  it  appears,  may  be  taken 
as  corresponding  mth  the  disappearance  of  sugar,  and  this,  it  will  be 
noticed,  presents  a  variation  within  certain  limits.  In  the  observations 
at  the  top  of  the  li^  the  period  is  more  prolonged  than  in  those  lower 
down.  It  is  possible  that  thid  may  hd.Ve  ariseil  from  the  atmosphere  of 
the  laboratory  having  become  influenced  by  .the  presence  of  decom- 
posing samples  of  blood. 

The  earlier  observations  were  conducted  with  the  application  of 
Bemard*s  process  only,  as  it  was  not  until  June,  1878,  that  I  began  to 
apply  the  ammoniated  cupric  liquid.  In  the  employment  of  this  liquid 
the  same  product  prepared  from  the  blood  was  used  as  for  Bernard's 
mode  of  testing.  It  is  noticeable  that  the  results  yielded  by  the  two 
processes  differ  from  each  other  in  the  manner  that  has  been  already 
commented  upon. 

Decomposition  of  Blood  in  relation  to  Sugar. 


*    • 

Beduoiiig  action,  expressed 
as  sugar  per  1,000  parts. 

Semard*s 
process. 

Ammoniated 

cuprio 

process. 

I.  Blood  of  bullock. 

Day  of  withdrawal 

1-066 
0-987 
0-808 
0*215 

0-909 
0*825 
0-303 
0-283 
0*242 
0-212 

1-333 
0  -365 
0*353 
0-259 
0-242 

1 

3  days  afterwards 

"     ft               it         •••. *.••.......• 

80    ,,              ..        , • 

II.  Blood  ofshetp. 

Day  oi  withdrawal 

3  days  afterwards 

T*     „             ff           ••..••.....••..•.•..•• 

^    i»            >» 

21     „ 

***■      yy                >i              •••••••••• • • 

i 

III.  Biood  of  bullock. 

Day  of  withdrawal 

1 

1  day  afterwards    

2  dftvs         n          .,..TtTtT»-T-    t 

17    „            ^          

•*■•      a              f9            ...................... 

80    „            „ 
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Beduoiiig  Aotion,  expraated 
as  sugar  per  1,000  parts. 


Bernard's 
process. 


Ammoniated 
cuprio 


•  IV.  Blood  qfhuUoeh, 
Day  of  -withdrawal . 

1  day  afterwards 

2  days        „ 

*  »>  ft 

17    « 

26     „       .   „ 
T,  Blood  of  sheep. 

Day  of  withdrawal  . 

1  day  afterwards 

2  days        ,, 

*  >»  >f 

*  »i  >» 

17    ., 

26    „  „ 

YL  Blood  of  sheep, 

Daj  of  withdrawal . 
1  day  afterwards 
17  days        », 

80    ,1  „ 

Vn.  Blood  of  hulloch. 
Day  of  withdrawal . 

1  day  afterwards 

2  days        ,, 
8    »f  >» 

*  »i  »» 
DC.  Blood  of  hullook. 

Day  of  withdrawal . , 

1  day  afterwards 

2  days        „ 

6    »  >» 

X.  ^^0(2  0^  bullock. 

Day  of  withdrawal . 

1  day  afterwards 

2  days    „ 
8  ))    If 


. 


1*600 
1-311 
0*816 
0*740 
0*892 
0*322 
0-273 

0*898 
0-851 
0*828 
820 
295 
228 
243 


0 
0 
0 
0 


0*930 
0-376 
0*180 
0*181 


1 
0 


095 
671 
0*655 
0*851 
0*396 

1*000 
0*441 
0-384 
0*310 


1 
1 
0 
0 


'418 
•052 
869 
369 


I 


0-926 
0*439 
0-629 
0-317 
0-362 

0-776 
0-334 
0-253 
0*231 

1111 
0-717 
0-645 
0-294 


In  the  following  series  of  experiments  sugar  was  added  to  blood  at 
different  periods  after  withdrawal.  The  results  f ornisli  the  same  kind 
of  evidence  as  that  obtained  through  the  previous  observations.  A 
marked  descent  is  noticeable  in  the  reducing  power  until  a  certain 
point  is  attained,  after  which  but  little  change  occurs,  however  long 
the  blood  may  be  kept,  and  however  putrid  it  maj  become.  It  seems, 
therefore,  as  already  suggested,  that  there  is  a  reducing  agent  in  the 
blood  which  comports  itself  differently  from  sugar.  If  the  reducing 
action  were  due  solely  to  sugar,  it  is  not  intelligible  that  there  should 
be  a  more  or  leas  sharp  deac^ut  to  a  certain  point,  and  then  that 
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the  condition  should  remain  comparativelj  stationary.  There  is  no 
reason  that  the  last  portion  of  su^ar  should  hehave  differently  from 
the  first.  Something  having  a  reducing  power,  on  the  other  hand, 
appears  to  exist  which  possesses  a  stability  gi*eater  than  that  enjoyed 
by  sugar,  and  which,  thus  resisting  the  influence  of  the  changes  of 
decomposition,  produced  the  reducing  effect  on  the  test  exerted  by  the 
blood  after  keeping  for  thirty  days. 


Observations  on  the  Blood  after  the  addition  of  Sugar. 


I.  Blood  of  sheep,  in  fresh  state 

After  the  addition  of  sugar    

On  the  following  day 

On  the  3rd  day   

On  the  5th  day    

II.  Blood  of  bollock,  4th  day  after  withdrawal   • . . . 

After  the  addition  of  sugar    

On  the  3rd  day    

On  the  4th  day    

On  the  5th  day    

III.  Blood  of  bullock,  in  fresh  state 

After  the  addition  of  sugar   

On  the  following  day 

On  the  3rd  day    

On  the  6th  day    

The  original  blood  to  which  no  sugar  had  been 
added,  examined  on  the  6th  day    

lY.  Blood  of  bullock,  in  fresh  state   

After  the  addition  of  sugar 

On  the  following  day 

On  the  3rd  day    

On  the  6th  day    

v.  Blood  of  sheep,  in  putrid  state 

After  the  addition  of  sugar   

On  the  following  day 

On  the  3rd  day    • 

y I.  Blood  of  sheep,  in  putrid  state    

After  the  addition  of  sugar   

On  the  following  day 

On  the  3rd  day 

On  the  4th  day    


VOL.  xxvin. 


Reducing  action,  expressed 
as  sugar  per  1,000  parts. 


Bernard's 
process. 


0-919 
4*210 
1*481 
0*409 
0*250 

0*351 
1*481 
0*800 
0-333 
0*333 

1000 
4*444 
3*478 
1052 
0*363 

0-310 

1000 
2-666 
2-285 
1176 
0-298 


Ammoniated 

cupric 

process. 


0 
3 
1 
0 
0 

0 
1 
0 
0 
0 

0 
8 
2 
0 
0 


0 
2 

1 
0 
0 

0 
0 
0 
0 


723 

921 
419 
267 
175 

317 
150 
725 
293 
279 

776 
636 
811 
296 
228 

225 

776 
105 
960 
980 
238 

234 
834 
476 
330 


1111 
0-434 
0-300 
0-256 


^^ 
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« 

Redueing  action,  expreaeed 
as  sugar  per  1,000  parts. 

Bernard's 
process. 

Ajnmoniated 

cupric 

process. 

yil.  Blood  of  sheep,  in  putrid  condition 

•  •         •  • 

•  •         •  • 

•  •         •  • 

•  •                   at 

•  •                   •  • 

•  •                    •  • 

•  •                   •  • 

0*330 
1-616 

0-250 
0-257 

0-225 
1-960 
0*325 

After  the  addition  of  sugar   

On  the  following  day,  the  tempera- 
ture haring  heen  meanwhile  main- 
tained at  9(f  F 

On  the  8rd  day    

Tin.  Blood  of  sheep,  in  putrid  state 

After  the  addition  of  sugar    

On  the  3rd  day    

In  a  farther  series  of  experiments,  blood  with  added  sugar  was 
subjected  to  the  inflnence  of  a  current  of  different  gases.  I  was 
desirous  of  ascertaining  if  oxygen  promoted  the  disappearance  of  sugar, 
and  counterpart  observations  were  made  with  carbonic  acid  and  hydro* 
gen.  The  results  obtained  afEord  no  evidence  of  any  chemical  action 
being  exerted.  Whatever  slight  effect  occurred,  I  think,  may  be 
assumed  to  have  arisen  from  increased  molecular  action  excited  by  the 
transit  of  the  gas. 

Passage  of  Oases  through  Blood  in  relation  to  the  disappearance  of 

Sugar. 


/ 


I.  Blood  from  sheep,  in  fresh  state  with  sugar  added 

After  standing  2  hours  at  the  ordinary  tem- 
perature   

After  the  pas.utge  of  oxygen  for  2  hours  at 
ordinary  temperature 

II.  Blood  from  sheep,  in  fresh  state,  with  sugar  added 

After  standing  24  hours  at  100*  F. 

Afier  the  passage  of  oxygen  for  2^  hours  at 

100**  F 

After  tlie  piissage  of  carbonic  acid   for  2| 

hours  at  100^  F 

III.  Blood  from  sheep,  in  fresh  state,  with  sugar  added 

After  standing  7  hours  at  100**  F 

After  the  passage  of  oxygen  for  7  hours  at 

100°F 

After  the  passage  of  carbonic  acid  for  7 
hours  at  100°  F 


Sugar  per  1,000 
By  ammoniated 
process. 

parts, 
cupric 

0*865 

0  -855 

0-844 

1-634 
1-459 

1-285 

1100 

1-667 
1-342 

0-992 

1-042 
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Sugar  per  1,000  parts. 

By  ammoniated  cupric 

process. 

lY.  Blood  from  sheep,  in  fresli  state,  with  sugar  added 

After  standing  for  7  hours  at  slightly  raised 

temperature    • 

1-850 

1-550 

1-525 

1-525 

1-570 

1-475 
1-324 

1-134 

1-209 

1-775 
1-567 

1-^5 

1-402 

1-324 
0-667 

0-606 

0-654 

0-651 
0*218 

0*233 

After   passage  of   oxygen  for  7  hoars  at 
sliirhtly  raised  temnerature   

Ail»r  passage  of  carhonic  aoid  for  7  hours  at 
sliffhtly  raised  temnerature •«... 

After  passage  of  hydrogen  for  7  hours  at 
sUffhUy  raised  temnerature ••••. 

y.  Blood  of  sheep,  in  fresh  state,  with  sugar  added 
After  standing  61  hours  at  100^  F 

After  the  passage  of  oxygen  for  6i  hours  at 
100°  F 

After  the  passage  of  carbonic  add  for  6i 
hours  at  100^  F 

YI.  Blood  from    sheep,  in    fresh  state,  with    sugar 
added 

After  standing  6k  hours  at  100°  F 

After  the  passage  of  oxygen  for  61  hours  at 
100°  F 

Aft/cr  the  passage  of  carbonic  aoid  for  6i 
hours  at  100°  F 

Vll.  Blood  from    sheep,  in  putrid  state,  with  sugar 
added   • 

After  standing  6  hours  at  100°  F.   

After  the  passage  of  oxygen  for  6  hours  at 
100°  F 

After  the  passage  of  carbonic  acid  for  6 
hours  at  100°  F 

Vlll.  Blood  from  sheep,  in  putrid  state,  with  sugar 
added  

After  standing  6  hours  at  100°  F 

After  the  nassage  of  hydrogen  for  6  hours 
at  100°  F 

The  following  conclasions  may  be  expressed  as  coustitating  the 
issue  of  the  resalts  recorded  in  this  commanication : — 

That  the  results  bearing  on  the  physiology  of  sugar  in  relation  to 
the  blood  derived  from  the  application  of  the  gravimetric  process,  and 
given  in  my  former  commanication  to  the  Boyal  Society  (vol.  xxvi, 
p.  846),  are  confirmed  by  those  yielded  by  the  ammoniated  cnprio 
test,  described  by  me  in  the  "  Proceedings,"  vol.  xxviii,  p.  260. 

That  the  disappearance  of  sugar  from  the  blood  after  withdrawal 
from  the  system  takes  place  in  the  gradual  manner  that  might  be 
expected  from  the  effect  of  ordinary  decomposition,  and  presents 
nothing  to  support  any  conclusion  regarding  the  destruction  of  sugar 
in  the  blood  as  a  physiological  phenomenon. 
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That  there  appears  to  exist  a  reducing  substance  besides  sugar  in 
the  blood  which  is  of  a  sufficiently  stable  character  to  resist  the  efiEects 
of  advanced  putrefaction.  Expressed  as  sugar,  it  amounts  to  from 
*200  to  *300  per  1,000.  These  figures,  therefore,  would  appear  to 
require  to  be  deducted  from  those  which  have  been  given  as  repre- 
senting the  amount  of  sugar  present  in  the  blood. 

That  the  passage  of  a  current  of  oxygen  through  the  b)ood  does  not 
exert  any  appreciable  effect  in  the  direction  of  oxidation  of  the  sugar. 
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variations  of  the  diurnal  range  of,  as 

recorded  at  the  observatories  of  Kew 

and  Trevandrum   (Stewart  and  Mo- 

risabro  Hiraoka),  288. 
Dewar  (J.)  and  Lireing  (G-.  D.)  on  the 
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with  great  delicacy,  and  on  its  em- 
ployment to  determine  the  mean  den- 
sity of  the  (Poynting),  2. 

— ,  on  the  remote  history  of  the 
(Darwin),  184. 

Elder  (H.  M.)  and  Bodwell  (G.  F.)  on 
the  effect  of  heat  on  the  di-iodide  of 
mercury,  Hglj,  284. 

Electric  currents,  on  certain  means  of 
measuring  and  regulating  (Siemens), 
292. 
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the  spectrum  of  the  (Grove),  181. 

Electrical  constants,  measurements  of: 
No.  II.  On  the  specific  inductive  capa- 
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(Gordon),  155. 
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and  refraction  of  light  (Fitzgerald), 
236. 
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pothesis that  the  so-called,  are  com- 
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Eocene  Flora  of  Great  Britain  (Ettings- 
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Equations,  machine  for  the  solution  of 
simultaneous  linear  (Thomson),  111. 
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Flow  of  water  in  uniform  rSpime  in 
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Frankland  (£.)  on  dry  fog,  238. 

Fries  (E.  M.),  obituaiy  notice,  viL 
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Gkdloway  (W.),  influence  of  coal-dust  in 

collieiy  explosions  :  No.  11,  410. 
Gas,  on  an  extension  of  the  dynamical 

theory  of  (Reynolds),  304. 
Gikseous  state,   on   certain  dimensional 

properties  of  matter  in  the :  Parts  I,  U 
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(Smith),  322. 
,  experimental  researches  on  thermal 
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Glass  fibre,   on  the  torsional  strain   in 
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researches  on  the  absorption  of  the 
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organic  substances,  283. 

Haughton  (Rev.  S.),  not«  in  correction 
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Heat,  effect  of,  on  the  di-iodide  of 
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284. 
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searches on  chemical  equivalence : 
Part  II.  Hydric  chloride  and  sul- 
phate, 270. 

,  researches  on  lactin,  273. 
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Hopkinsou  (J.)  on  the  torsional  strain 
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on  chemical  equivalence :  Part  II 
(Mills  and  Hogarth),  270. 

Induction -currents,  on  the  eflects  of 
strong,  upon  the  structure  of  the 
spinal  cord  (Ord),  265. 
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ence exercised  by  light  on  (Tyndall), 
212. 

Jackson  (Dr.  J.  H.),  admitted,  I. 
Japan,  magic  mirror  of:   Part  I  (Ayr- 
ton  and  Perry),  127. 

Kerr  (Dr.)  on  an  extension  of  the  pheno- 
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-,  influence  exercised  by,  on  organic 


infusions  (Tyndall),  212. 
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protoplasm 
(Downes  and  Blunt),  199. 

Limestone  as  an  index  of  geological  time 
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Linear  equations,  machine  for  the  solu- 
tion of  simultaneous  (Thomson),  111. 
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versal of  the  (Liveing  and  Dewar)  : 
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,  on  some  phenomena  attending  the 
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Milh  (E,  J.)  and  Walton  (T.  U.),  re- 
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(C&elonf  midaa),  with  remarks  on  the 
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Pavy  (F.  W.),  volumetric  esHmation  of 
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,  physiology  of  sugar  in  relation  to 
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Pelvis  in  mammalia,  characters  of  (Hux- 
ley), 895. 
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,  contact  theory  of  voltaic  ac- 
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528. 
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Stas  (J.  S.),  elected,  462. 

StewfUt  (B.),  note  on  the  inequalities  of 
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OBITUARY  NOTICES   OP  FELLOWS  DECEASED. 

The  Rev.  William  Beanwhite  Clarke  was  bom  2iid  June,  1798,  at 
East  Bergholt,  county  of  Suffolk,  and  educated  partly  in  his  father's 
house,  under  the  Rev.  R.  G.  Suckling  Browne,  B.D.,  a  distinguished 
Hebrew  scholar,  and  Fellow  of  Dulwich  College,  and  partly  at  Dedhani 
Grammar  School ;  he  entered  into  residence  at  Jesus  College,  Cam- 
bridge, in  October,  1817.  He  took  his  degree  in  January,  1821,  and 
in  1824  became  M.A. 

In  May,  1821,  he  received  deacon's  orders  from  Dr.  Bathurst, 
Bishop  of  Norwich,  and  priest's  orders  in  May,  1823. 

From  May,  1821,  to  November,  1824,  he  was  trained  as  curate  at 
Ramsholt,  at  Nedging  and  Whatfield,  at  Chellesworth  and  Brantham, 
and  then  in  "his  native  parish.  He  took  advantage  of  his  rector's  per- 
mission to  travel  every  year,  and  thus  laid  the  foundation  of  practical 
application  of  the  geological  and  mineralogical  lessons  he  had  received 
at  the  University,  under  Professor  Sedgwick  and  Dr.  B.  Clarke,  tho 
great  traveller.  He  made  a  personal  examination  of  the  most  cele- 
brated formations  of  Europe.  He  travelled  extensively  in  England 
and  Wales  and  on  the  Continent  from  1820  to  1839,  not  omitting  a 
single  year.  He  thus  visited  the  Lake  District,  the  Isle  of  Man, 
Staffordshire,  Derbyshire,  North  Wales,  the  chalk  and  oolite  of  York- 
shire and  Lincolnshire,  the  chalk  of  Sussex  and  Normandy,  the  central 
and  southern  parts  of  France,  the  Alps  and  North  of  Italy,  the  Nether- 
lands, Rhenish  provinces,  Prussia,  Belgium,  the  Ardennes,  the 
tertiary  districts  of  Nassau,  the  volcanic  districts  of  the  Rhine  and 
Moselle.  In  1829  he  completed  his  survey  of  the  counties  of  Suffolk, 
Norfolk,  and  Essex.  In  1830  he  visited  the  chalk  districts  and  older 
formations  of  tho  frontiers  of  France  and  Belgium.  Then  followed 
Dorsetshire,  West  of  England,  Isle  of  Wight,  Sussex,  South- 
west of  England,  the  coal  beds  of  the  Boulonnais,  the  North  of 
France,  the  Channel  Islands  and  Isle  of  Portland,  the  new  red  sandstone 
of  Staffordshire,  Cheshire,  and  Lancashire,  the  Silurian  old  red  sand- 
stone and  coal  districts  of  Shropshire,  Herefordshire,  Monmouthshire, 
and  South  Wales. 

In  1830  and  1831  he  was  present  during  many  of  the  stirring  scenes 
of  the  Belgian  War  of  Independence  and  the  last  siege  of  Antwerp  ; 
at  which  time  also  he  made  the  acquaintance  of  the  lady  who  soon 
after  became  his  wife,  a  daughter  of  Dr.  Stather,  a  gentleman  of 
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position  in  the  Island  of  Nevis.     This   ladj,  with  a  son   and  two 
daughters,  snrvives  him. 

In  1833  he  was  presented  to  a  small  vicarage  near  Poole,  where  in 
addition  to  his  clerical  duties  he  discharged  the  functions  of  a  magis- 
trate. His  ardour  in  pursuit  of  travel  and  geology  exposed  him  to  a 
severe  illness  which  culminated  in  rheumatic  fever,  which  so  crippled 
him  that  he  was  induced  in  1839  to  try  the  effects  of  a  warmer  climate, 
and  as  the  investigation  of  a  new  country  had  peculiar  charms,  he 
resolved  to  visit  the  colony  of  New  South  Wales,  which  in  those  days 
included  what  are  now  Victoria  and  Queensland.  He  had  also  a  kind 
of  special  mission  from  his  brother  geologists  to  investigate  the 
carboniferous  formation  of  Australia.  The  ship  in  which  he  was 
making  the  voyage  touched  at  the  Cape  of  Q-ood  Hope,  and  Mr.  Clarke 
seized  the  opportunity  of  making  a  survey  of  and  report  upon  the 
geology  about  Cape  Town.  From  the  time  he  landed  in  Australia,  in 
1859,  to  the  day  of  his  death,  he  never  ceased  pushing  forward  his 
researches  into  the  unknown  regions  which  lay  before  him.  It  is  no 
exaggeration  to  state  that  he  knew  every  inch  of  the  greater  part  of 
New  South  Wales  proper,  and  from  constant  investigation  of.  reports 
by  explorers  and  others  he  knew  the  general  character  and  geography, 
almost  topography,  of  Australasia. 

The  modest  income  which  is  supposed  to  be  the  lot  of  those  wh  o 
undertake  the  duties  of  a  clergyman,  and  which  in  the  case  of 
Mr.  Clarke,  averaged,  up  to  1861,  less  than  £200  per  annum,  in- 
clusive of  the  grant  of  £1,000  made  in  recognition  of  his  services, 
prevented  his  issuing  well  illustrated  works.  Most  of  his  publications 
appeared  in  a  very  modest  form,  either  as  Parliamentary  papers, 
newspaper  letters,  or  as  papers  in  the  various  scientific  journals. 
Latterly,  the  Government  Printing  Office  offered  some  relief  from 
the  expense  of  publication,  and  the  last  edition  of  his  last  work  is 
creditable  to  that  establishment.  The  Government  always  had  a  high 
appreciation  of  his  services,  and  never  failed  when  in  difficulties  to 
utilise  his  knowledge.  Thus  in  1851,  when  the  Government  wished 
to  have  a  proper  report  upon  the  mineral  resources  of  the  country,  no 
fitter  person  could  be  found.  The  neighbouring  colonies  also  appealed 
to  Mr.  Clarke  upon  all  matters  of  a  geological  nature.  His  name  was 
in  fact  a  "  household  word  "  all  over  Australasia. 

It  is  proved  beyond  controversy  that  he  ascertained  the  auriferous 
nature  of  the  country  in  1841,  ten  years  before  the  popular  date  of 
1851.  The  main  conclusions  at  which  Mr.  Clarke  arrived  from  his 
geological  investigations  were,  that  matrix  gold  was  the  thing  to  be 
looked  for,  and  that  the  carboniferous  deposits  of  the  main  seams 
in  Ne^South  Wales  were  Palaeozoic. 

To  a  geologist  of  Europe,  with  libraries  of  reference  in  every  city, 
^      and  with  rapid  means  of  locomotion  and  comfortable  quarters  every- 
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where,  the  diflficulties  of  Aostralian  geology  are  not  apparent.  When 
Mr.  Clarke  set  out  on  his  explorations  there  was  no  other  means  of 
travel  but  horses,  with  pack-horses  for  provisions,  tents,  and  instru- 
ments. In  some  parts  of  the  country  there  were  no  roads  or  land- 
marks of  any  kind,  and  the  maps  of  the  district  were  nearly  useless, 
as  being  only  skeleton  outlines  of  boundaries.  He  had  to  cairy  on 
his  work  single-handed,  and  gradually  to  form  his  own  library. 

Mr.  Clarke's  travels  extended  to  Tasmania,  Victoria,  and  Queens- 
land, and  he  has  written  various  exhaustive  reports  relating  to  these 
countries.  His  writings  have  guided  persons  to  various  profitable 
gold  mines,  and  the  successful  tin  industries  of  Australia  and 
Tasmania  have  been  commenced  from  indications  furnished  by  him. 

In  1863  the  Legislature  of  New  South  Wales  voted  Mr.  Clarke 
£3,000,  at  a  time  when  his  various  ailments  seemed  coming  to  a  head, 
to  enable  him  to  secure  a  little  comfort  in  his  old  age ;  but  since  that 
time  his  "  pen  of  a  ready  writer  "  has  never  been  weary ;  and  we  are 
almost  tempted  to  say  that  his  latter  years  have  surpassed  the  former,  for 
his  facts  seemed  to  have  accumulated  more  quickly,  and  his  experience 
being,  of  course,  more  matured,  enabled  him  to  seize  upon  the  more 
salient  points  of  the  geology  of  the  country.  The  fruit  of  his  labours 
during  this  part  of  his  life  consists  of  a  geological  map  of  the  whole 
colony,  which  has  been  compiled  from  his  note-books  and  memoranda. 
Up  to  1870  he  never  ceased  from  the  work  of  his  sacred  calling,  even 
when  on  his  explorations;  but  on  1st  October  of  that  year,  his  in- 
creasing infirmities  obliged  him  to  retire  from  his  parochial  labours. 
He  was  thus  in  a  position  to  avail  himself  of  the  improved  locomotion 
afforded  by  the  railways  to  revisit  his  old  haunts,  and  to  visit  other 
places  of  interest,  so  as  to  fill  up  gaps  in  his  former  works. 

He  was  an  indefatigable  observer  of  meteorological  facts  and  of 
general  natural  history. 

Mr.  Clarke  was  elected  F.G.S.  in  1826.  He  was  a  member  of  the 
Geological  Society  of  France,  and  held  a  diploma  from  the  Imperial 
and  Royal  Geological  Institution  of  Austria,  F.R.G.S.,  and  one  of  the 
early  Fellows  of  the  Zoological  Society. 

Mr.  Clarke  contributed  largely  to  the  periodical  Kterature  of 
England  prior  to  1839,  and  his  poetical  effusions  are  by  no  means  un- 
deserving of  praise. 

In  1876  he  was  elected  F.R.S.,  and  in  1877  he  was  awarded  the 
Murchison  Medal  of  the  Geological  Society  of  London.  The  terms  in 
which  the  award  was  made  express  the  results  of  his  geological 
laboui'S  in  Australia. 

The  excessive  heat  of  March,  1878,  combined  with  the  labour  of 
preparing  a  new  edition  of  "  Sedimentary  Formations  of  New  South 
Wales,"  proved  too  much  for  Mr.  Clarke's  strength.  He  was  seized 
with  paralysis  on  the  16th  of  that  month ;  and  though  he  rallied,  so 
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that  he  was  able  to  move  abont  without  help,  and  to  arrange  and 
label  fossils  received  from  Professor  de  Koninck  on  the  15th  June,  he 
was  seized  with  a  violent  pain  in  the  heart  on  the  morning  of  the 
16th,  and  before  medical  aid  could  be  procured  he  was  called  to  his 
long-earned  rest. 

It  is  proposed  by  the  Gk)vemment  to  purchase  his  collection  of 
minerals,  fossils,  library,  and  geological  maps,  and  with  them  to  form 
a  nucleus,  under  the  name  of  the  *' Clarke  Collection,"  of  a  grand 
Mining  Museum. 

Adolphe  Theodore  Bbongniabt,  son  of  the  illustrious  Alexandre 
Brongniart,  and  grandson  of  Theodore  Brongniart,  an  eminent  archi- 
tect, was  born  at  Paris  on  the  14th  January,  1801.  Educated  for  the 
medical  profession,  he  soon  gave  up  that  career  in  order  to  devote 
himself,  under  his  father's  guidance,  to  scientific  pursuits,  and  early 
took  a  place  among  the  first  living  botanists.  In  his  nineteenth  year 
he  published  his  first  and  only  zoological  paper,  containing  the  descrip- 
tion of  Limnadia,  a  new  genus  of  Crustacea.  In  the  following  year  he 
established  the  genus  Geratopteris  for  a  curious  and  anomalous  aquatic 
fern.  In  his  twenty-first  year  he  published  his  first  palsBontological 
memoir  on  the  classification  and  distribation  of  fossil  plants.  He 
reviewed,  in  this  paper,  the  various  plant-remains  then  known,  and 
grouped  them  in  4>  classes  and  19  genera.  This  memoir  has  been 
described  as  the  starting  point  of  the  intelligent  study  of  fossil  plants. 
From  this  beginning  Brongniart  continued  his  labours  and  expounded 
the  fragmentary  remains  of  extinct  floras,  and  traced  their  relation  to 
living  plants,  and  their  position  in  the  vegetable  kingdom.  He  was 
singularly  fitted  for  this  work,  for  he  already  had  an  extensive  ac- 
quaintance with  the  structure  and  classification  of  living  plants,  and 
he  had  so  digested  his  knowledge  that  he  was  able  to  utilize  it  in  the 
study  of  these  obscure  fossils.  Seldom  has  a  man  made  a  more 
brilliant  debut  than  Adolphe  Brongniart.  The  memoir  on  the  classifi- 
cation and  distribation  of  fossil  plants,  and  another,  which  threw  an 
entirely  new  light  on  the  subject  of  the  fertilization  of  living  plants, 
were  already  finished,  if  not  published,  when  he  was  about  twenty- four 
years  of  age. 

The  study  of  the  reproduction  of  organic  beings  had,  up  to  his 
time,  made  so  little  progress  that  Brongniart  obtained  little  assistance 
from  previous  workers.  Without  committing  himself  to  any  of  the 
theories  which  had  been  suggested  in  explanation  of  the  processos  of 
fertilization,  he  confined  himself  to  the  observation  and  arrangement  of 
facts.  "  H  est  certains  sujets,"  he  says,  "  dont  la  difficulte  61oigne  et 
rebute  les  observateurs,  tandis  que  la  grandeur  de  leurs  cons^uenoes 
excite  au  plus  haut  degr6  Timagination  des  hommes  disposes  4  se 
contenter  d'ane  hypothese.     Quant  k  moi,  j  ai  cherch6  d*abord  4  les 


oablier  toutes,  k  r^unir  des  faits  bien  observes,  k  dMxxire  de  lenr  com- 
paraison  des  concltLsions  de  detail,  et  k  former  du  rapprochement  de 
oelles-ci  nne  theorie  propre  k  les  repr^senter." 

Brongniart  showed  how  the  embryo  is  formed,  little  by  little,  by  a 
process  which  he  did  not  hesitate  to  say  is  identical  over  the  whole 
of  the  vegetable  kingdom.  Microscopically  small  plants,  the  most 
majestic  trees  of  onr  forests,  onr  cultivated  plants,  all  are  reproduced 
by  one  and  the  same  process. 

For  some  years  Brongniart  prosecuted  his  investigations  of  living 
plants,  and  published,  between  1824  and  1827,  a  new  classification  of 
fungi,  a  memoir  on  the  natural  order  BruniacesB,  and  several  histo- 
logical and  physiological  memoirs.  The  labours  and  observations  of 
six  years  in  Paleeontology  were  exhibited  in  his  "Prodrome  d'une 
Histoire  des  Y^getaux  Fossiles,"  puplished  in  1828,  and  in  his  great 
work,  "  Histoire  des  V6g6taux  Fossiles,"  begun  in  the  same  year. 
The  first  volume,  consisting  of  twelve  parts,  and  containing  488  pages 
of  letter-press  and  160  quarto  plates,  was  issued  within  a  few  months. 
The  further  progress  of  the  work  was  interrupted  by  Brongniart's  ill 
health,  and  it  was  not  resumed  for  nine  years,  and  then  only  three 
additional  parts  were  issued,  leaving  this  great  work  incomplete.  The 
"  Histoire  "  includes  the  whole  of  the  Cryptogams,  vascular  as  well  as 
cellular,  with  the  exception  of  the  LycopodiaceaB,  to  which  the  later 
plates  are  devoted ;  and  the  letter-press  is  suddenly  stopped  before  the 
remarkable  introduction  to  this  natural  order  was  completed. 

In  1839  he  brought  out  his  well-known  memoir  on  SigxLlaria  elegans. 
In  1849  he  contributed  to  the  *' Dictionnaire  Universel  d'Histoire 
Naturelle,"  a  short  and  popular  review  of  fossil  plants  on  the  plan  of 
his  ''  Prodrome,"  exhibiting  their  botanical  affinities  and  classification 
and  their  stratigraphical  distribution. 

It  is  worthy  of  notice  that,  as  Brongniart  began  his  scientific 
career  with  his  labours  on  fossil  plants,  so  the  latter  part  of  his  life 
was  devoted  to  a  further  investigation  on  the  same  subject.  At  the 
time  of  his  first  investigation  only  few  and  imperfect  specimens  had 
been  obtained.  Fifiy  years  later  his  friends,  Messieurs  Renault  and 
Grand  d*Eury,  sent  him,  from  the  environs  of  Autun  and  St.  Etienne, 
a  quantity  of  specimens  of  seeds  which  had  been  converted  into 
siliceous  masses  of  a  texture  as  fine  as  that  of  the  most  beautiful  agates. 
From  these  masses  Brongniart  separated  transparent  flakes,  and,  by 
the  aid  of  the  microscope,  made  out  minute  details  t>f  their  organiza- 
tion, cells  with  excessively  thin  walls,  vessels  with  delicate  membranes, 
nebulosities  which  are  the  first  indications  of  the  formation  of  tissues, 
organisms,  in  fact,  of  dimensions  so  small  as  can  only  be  detected  by 
high  powers  of  the  microscope.  He  found,  in  fruits  dating  from 
remote  ages,  all  the  particulars  of  organization  which  he  had  formerly 
observed  in  living  plants.     No  one  had  hitherto  imagined  it  possible 
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that  we  sliOTild  one  day  see  in  the  substance  of  a  hard  and  translncent 
stone  indications  of  the  sap  which  had,  in  former  ages,  circulated 
in  the  delicate  vessels  of  a  living  plant,  of  the  grains  of  pollen  burst- 
ing from  the  anthers,  and  of  the  presence  of  the  minute  ovules 
where  appearing.  In  his  memoir  on  this  subject,  the  last  he  ever 
published,  Brongniart  not  only  disclosed  the  evidence  of  a  remarkable 
and  varied  gymnospermous  vegetation  in  Carboniferous  times,  but  the 
structure  preserved  in  these  PalaBOzoic  plants  led  him  to  suspect  the 
existence  of  a  curious  and  hitherto  unobserved  detail  in  the  organiza- 
tion of  the  ovule  of  living  Gymnosperms.  After  having  satisfac- 
torily shown  that  the  beautifully  silicified  tissues  of  the  plants  of 
St.  Etienne  belonged  to  plants  of  which  we  find  analogous  species  in 
Mexico,  he  confidently  asserted  that  a  peculiarity,  a  cavity  for  the 
reception  of  the  pollen,  never  previously  observed  in  living  specimens, 
would  be  found  in  the  species  of  that  country,  and  he  subsequently 
had  the  satisfaction  of  exhibiting,  to  the  Academic  Fran9aise,  some 
plants  living  in  the  hothouses  of  the  Museum  which  had  a  pollen 
cavity  of  which  a  plant  dead  countless  ages  ago  had  furnished  us  with 
the  first  example. 

Brongniart  did  not  live  to  complete  this  important  research.  The 
decline  of  his  health  first  manifested  itself  in  a  failure  of  sight  brought 
on  by  excessive  use  of  the  microscope,  and  he  owed  it  to  the  assistance 
of  his  friends  and  colleagues.  Messieurs  Bureau,  Comu,  Renault^ 
Grand  d'Eury,  and  other  friends,  that  he  was  able  to  work  on  at  the 
investigation  as  long  as  he  did.  From  the  time  of  the  siege  of  Paris 
his  health,  affected  by  the  privations  and  sufferings  he  then  underwent, 
steadily  declined,  but  he  retained  to  the  end  of  his  life  his  tranquillity 
of  mind,  his  intellect,  and  his  memory.  He  took  an  affectionate 
interest  in  the  progress  of  a  grandson,  whose  first  steps  in  the  career 
of  science  he  hoped  to  guide.  At  length,  in  February,  1876,  fore- 
seeing that  his  end  was  near,  he  desired  to  be  surrounded  by  his 
family,  and  expired  in  the  arms  of  his  eldest  son. 

Less  fortunate  than  his  father,  Adolphe  Brongniart  had,  some  years 
previously,  lost  the  affectionate  wife  whom  he  had  married  in  early 
life.     He  left  two  sons  and  several  grand-children. 

The  herbarium  left  by  A.  Brongniart  has  been  placed  in  the 
Botanical  Gallery  (of  Paris),  and  his  unique  and  beautiful  collection 
of  fossil  plants  forms  one  of  its  greatest  ornaments. 

Brongniart  waff  elected  a  member  of  the  Academy  of  Sciences  in 
1834,  in  the  place  of  Desfontaines,  and  in  the  same  year  he  was 
appointed  Professor  of  Vegetable  Physiology  in  the  Museum  of 
Natural  History.  In  1840  he  was  appointed  a  foreign  member  of  the 
Geological  Society  of  London,  and  in  the  following  year  he  received 
the  Wollaston  Medal,  in  consideration  of  his  important  works  on 
fossil  plants.     In   1852   he  was    elected   a  foreign   member  of    the 
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Bojal  Society,  and  was  also  appointed  Inspector- General  for  Science 
of  the  University  of  Paris. 

With  regard  to  his  scientific  character,  Brongniart  has  been  charac- 
terized as  the  LinnsBus  of  fossil  botany;  not  so  much  a  great  discoverer 
as  a  great  systematizer ;  introducing  lucid  order  and  general  principles 
into  the  study  of  the  materials  which  had  been  already  collected.  To 
those  materials,  also,  he  undoubtedly  added  much  by  his  own  observa- 
tions, and  probably  (as  in  the  case  of  Linnaeus)  his  example  gave  a 
stimulus  to  the  exertions  of  his  opponents  as  well  as  of  his  followers. 
He  was  eminent,  not  only  for  industry,  accuracy,  and  judgment,  but 
also  for  the  clearness  and  neatness  of  his  scientific  writings. 

Brongniart's  favourite  branch  of  study  is  one  in  which  exceed- 
ingly rapid  progress  has  been  made,  since  he  was  at  the  height  of  his 
fame,  and  in  which  rapid  progress  is  still  making.  The  researches  of 
Heer,  Unger,  Ettingshausen,  and  others,  in  the  fossil  plants  of  the 
Tertiaries,  have  opened  to  us  almost  entirely  new  departments  of 
Palseo-botany ;  the  microscopic  studies,  which  have  been  followed  up 
with  so  much  zeal  and  success  by  some  in  our  own  country,  have 
thrown  a  greater  amount  of  new  light  on  the  structure  of  the  PalsBO- 
zoic  vegetation.  But  the  name  of  Adolphe  Brongniart  deserves  to  be 
held  in  honour  as  long  as  the  sciences  of  botany  and  geology  are 
cultivated  ;  and,  however  far  the  knowledge  of  these  subjects  may  be 
carried,  such  works  as  his  treatise  on  the  structure  of  Sigillaria  must 
always  be  valued  as  models  of  accurate  examination,  lucid  exposition, 
and  caution  in  drawing  conclusions. 

Adolphe  Brongniart*s  careful  investigation  and  illustration  of  the 
veining  of  recent  ferns  {see  his  **BUstoire  des  Vegetaux  Fossiles," 
vol.  i,  p.  148)  probably  suggested  some  of  the  more  recent  methods 
of  arranging  that  family  of  plants. 

As  a  teacher  he  was  remarkable  for  courtesy  and  kindness,  and 
readiness  to  help  students  in  that  branch  of  science  to  which  he  had 
devoted  himself. 

Elus  Magnus  Fries  was  bom  at  the  parsonage  of  Femsjo,  in 
Sm&land,  in  the  southern  part  of  Sweden,  on  the  15th  August,  1794. 
He  appears  to  have  inherited  from  his  father  a  love  of  natural  history, 
and  his  parents  carefully  fostered  and  encouraged  this  taste,  in  hopes 
of  thereby  supplying  to  him  the  place  of  companions  and  playmates. 
At  the  age  of  twelve  he  was  already  familiar  with  many  of  the  plants 
of  the  neighbourhood.  In  one  of  his  rambles,  in  1806,  his  attention 
was  attracted  by  the  large  and  peculiar  Hydnum  coralloides,  and  it 
was  this  discovery,  he  said  in  after  years,  which  awakened  in  him  a 
desire  to  study  the  Fungi.  The  very  next  day  he  set  to  work  and 
learnt  the  few  genera  then  known  from  Liljeblad's  Swedish  Flora.  In 
the  year  1808,  when  Sweden  was  ravaged  by  war  and  disease,  it 
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became  necessary  to  close  the  school  at  Wexio,  which  Fries  attended, 
and  he  remained  for  a  time  at  home.  He  made  nse  of  this  period  of 
leisure  to  describe  all  the  Fnngi  he  conld  find,  and  before  1811  he  had 
4mcceeded  in  distinguishing  three  or  four  hnndred  species,  but  not 
haying  access  to  books  on  the  subject,  he  gave  them  temporary  names. 

In  1811  he  left  the  Gymnasium,  and  went  to  the  University  of 
Lund.  At  Lund  he  continued  to  give  all  his  spare  time  to  Botany, 
and  htid  the  satisfaction  of  finding  many  plants  new  to  him.  He  spent 
much  of  his  time  in  the  library  studying  botanical  works,  in  which  he 
found  the  names  of  many  of  the  species  he  had  described.  While  at 
Lund  he  was  fortunate  enough  to  make  the  acquaintance  of  two  dis- 
tinguished naturalists,  Betzius  and  Agardh,  who  put  into  his  hands 
the  myoological  works  of  Persoon  and  Albertini,  the  best  then  existing. 
During  the  year  1812  he  studied  HypodeVmia  (Ustilagineaa,  ^cido- 
mycetes).  While  earnestly  studying  for  the  degree  of  Doctor  of 
Philosophy  he  still  found  some  leisure  for  his  favourite  pursuit.  He 
took  the  degree  of  Ph.D.  in  1814,  and  was  also  in  this  year  appointed 
Docens  of  Botany.  In  1819  he  became  '^  Adjunkt  *'  and  received  the 
title  of  Professor  in  1834. 

From  the  time  of  taking  his  degree  Fries  devoted  himself  to  the 
study  of  the  Fungi,  and  went  with  this  view  for  a  time  to  Copenhagen. 
About  the  year  1814  he  brought  out  his  earliest  important  work,  his 
**  Novitiae  Flor»  Sueciss;"  and  his  "  Observationes  Mycologic®  "  waa 
published,  in  the  years  1815 — 1818,  at  Copenhagen.  In  1814  he  began 
to  write  his  "  Monographia  Pyrenoraycetum  SueciaB,*'  which  work  he 
presented  in  parts  from  1816  to  1819  to  the  Academy  of  Sciences,  in 
Stockholm. 

In  the  year  1816,  having  come  to  the  conclusion  that  the  method  of 
describing  and  classifying  hitherto  adopted  was  by  no  means  satisfac- 
tory, Fries  began  to  work  out  a  new  system  and  to  make  fresh 
investigations  of  all  the  Fungi.  This  new  system  was  based  upon  a 
minute  examination  of  theii*  different  stages  of  development,  and  of 
the  morphological  relations  of  their  different  parts.  The  result  of 
this  investigation — the  "  Systema  Mycologicum,"  in  three  volumes — 
he  published  between  the  years  1821  and  1829,  and  a  supplement 
appeared  in  1830. 

In  1828  Fries  published  his  "Blenchus  Fungorum,"  in  which  he 
described  some  of  the  Fungi,  of  which  great  quantities  had  been  sent 
to  him  from  abroad. 

Hitherto  Fries  had  been  absolutely  prevented  by  want  of  means  from  • 
indulging  his  ardent  wish  to  explore  foreign  countries  in  search  of 
specimens,  but  in  the  year  1828  he  was  at  length  able  to  visit  the 
northern  part  of  Germany  and  the  Museum  at  Berlin,  and  had  the 
opportunity  of  extending  bis  knowledge  of  Lichens,  of  exotic  Fungi, 
as  well  as  of  studying  the  literature  of  these  plants. 


IX 

After  the  publication,  in  1829,  of  the  third  yolnme  of  his  "  S jstema 
Myoologioam,"  he  again  subjected  the  Fungi  to  a  close  investigation, 
comparing  them  with  his  own  descriptions.  Having  thus  revised  and 
completed  his  observations,  separated  the  Discomycetes  from  the 
Hymenomycetes,  &c.,  he  published  the  results  of  his  observations  in 
his  "  Flora  Scanica ''  in  1835. 

Fries  became  Demonstrator  in  Botany  at  the  University  of  Lund 
in  1828.  In  1834  he  was  translated  to  the  University  of  Upsala  as 
Professor  of  Rural  Economy,  with  which,  after  the  death  of  Professor 
Wahlenberg  in  1851,  the  chair  of  Botany  was  united.  He  discharged 
these  teaching  duties  until  1859,  when  he  retired  on  a  pension. 

At  Upsala  he  found  new  fields  for  his  mycolog^cal  studies,  and 
published  his  *'  Epicrisis  Systematis  Mycologici  sen  Synopsis  Hymeno- 
mycetum  "  in  1836—1838. 

In  the  year  1844  the  Academy  of  Science  in  Stockholm  resolved  to 
be  at  the  expense  of  a  series  of  engravings  of  all  the  species  of  Fung^ 
principally  belonging  to  Hymenomycetes  that  could  not  be  preserved 
in  a  natural  state,  and  gave  the  superint-endence  and  direction  of  this 
work  to  Fries.  This  collection,  containing  now  from  1,600  to  1,700 
coloured  figures,  is  one  of  the  richest  and  most  extensive  in  existence. 
Eleven  parts,  with  110  plates,  have  been  published  under  the  title 
"  Icones  selectae  Hymenomycetum  nondum  delineatorum.*'  These 
admirable  figures,  to  the  preparation  of  which  his  latter  days  were 
devoted,  afFord  gi*eat  help  to  the  student  in  one  of  the  most  difficult 
parts  of  botany. 

The  last  large  work  of  Fries  was  the  "  Hymenomycetes  EuropsBi 
sive  Epicriseos  Systematis  Mycologici,  editio  altera,"  published  in 
Upsala,  in  1874. 

Fries  had  also,  at  an  early  age,  studied  the  Lichens  no  less 
thoroughly  than  the  Fungi,  and  he  essentially  reformed  the  descrip- 
tions and  systematic  arrangement  of  these  plants.  His  "  Licheno- 
graphia  Europeea  reformata,"  published  in  Lund  in  1831,  was  long 
regarded  as  a  principal  work  in  lichenographical  literature,  and  the 
successively  published  parts  of  his  "  Lichenes  exsiccati  SuecisB,"  form 
a  remarkably  valuable  series. 

He  also  published  explanations  and  critical  examinations  of  some  of 
the  more  difficult  genera  among  the  higher  plants,  for  instance 
Hieraciumy  Salix,  Car  ex  j  and  several  others.  He  wrote  Floras  of  the 
whole  of  Scandinavia,  and  of  separate  parts  of  it,  and  in  his  "  Novitiae 
FlorsB  Sueciae,"  "Botaniska  Notiser,"  &c.,  he  gave  descriptions  of 
many  new  planls  discovered  by  himself. 

His  Herbaria  m  Normale,  collected  at  great  expense,  and  with  in- 
credible industry,  contains  dried  specimens  of  many  of  the  rarest 
plants  of  Scandinavia.  It  was  issued  in  fifteen  numbers,  during  a 
period  of  over  twenty  years,  the  last  being  dated  1857,  and  is  con- 


Bidered  to  be  of  the  greatest  valiie  for  the  etndf  of  the  plants  of 
northern  Earope.  This  collection  of  typical  plants  ia  quoted  by  Fries 
throaghoat  the  first  pari  of  hiB  "  Summa  Yegetabilinm  Scandinavife." 

Fries  has  also  written  treatises  on  AgricnltDre  and  on  Practical 
Botany,  on  the  Nomenclatnre  of  Plants,  and  on  the  History  of 
Botany.  In  the  "  Botanical  Excnrsiona,"  1852 — 1864,  he  has  very 
Buccessfnlly  popalarisod  his  science,  and  the  hook  has  been  read  with 
liroly  interest  beyond  his  own  country. 

Important,  however,  as  were  many  of  Fries'  labours  on  Phtenogamic 
plants  and  Lichens,  his  future  fame  most  rest  upon  his  reformation  of 
Fungology.  The  brilliant  discoveries  of  later  observers  seem  at  first 
sight  to  eclipse  altogether  what  was  done  so  many  years  before,  bat 
they  are  qnite  in  a  different  line,  and  danhtloss  have  heeu  assisted  by 
the  labours  of  Fries.  His  arrangement  of  the  genns  Agarieus  alone 
has  been  described  as  a  great  effort  of  genius,  and  every  division  of 
his  mycological  system  is  full  of  matter  for  reflection.  To  appreciate 
his  system,  iiiU  allowance  must  be  made  for  the  state  in  which  he 
found  mycology  and  the  comparative  imperfection  of  microscopes. 

Fries  was  eminent  as  a  systematic  botanist,  and  the  Friesian  system 
is  still  followed  by  some  Swedish  writers.  The  system  was  first  pub- 
lished in  the  "  Flora  Scanica,"  183£),  and  an  outline  of  it  will  be  found 
in  Lindley's  "Vegetable  Kingdom." 

With  regard  to  the  relationship  of  species,  his  point  of  view  appears 
to  have  been  the  same  as  that  taken  by  Linneeas,  "  A  species  is  each 
form  brought  forth  by  the  Creator  in  the  beginning." 

Fries  had  remarkable  flaoncy  and  power  of  expression  both  in 
writing  and  lecturing,  and  this  faculty  no  doubt  contributed  much  to 
his  influence  in  gathering  round  him  a  large  number  of  disciples. 
Foreign  scientific  men  seldom  visited  Upsala  during  the  last  forty 
years  of  his  life  without  making  the  acquaintance  of  the  celebrated 
botanist,  whose  amiable  and  engaging  manners  and  kind  disposition 
made  him  beloved  by  all  who  knew  him. 

Fries  continued  his  scientific  labonrs  into  the  last  years  of  his  life. 
In  his  eightieth  year  he  published  a  new  aud  improved  edition  of  his 
extensive  work  "  Hymenomycetes  Enroptei,"  and  abont  a  week  before 
his  death  he  completed  an  essay  fora  foreign  periodical.  He  died  on 
the  evening  of  the  8th  of  February,  1878,  to  the  last  actively  useful. 

In  1851,  Fries  had  been  appointed  Director  of  the  Botanical 
Museum  and  garden  attached  to  the  University  of  Upsala,  and  in  1853 
became  Rector  of  the  University.  He  was  a  member  of  many  learned 
societies,  Swedish  and  foreign.  In  1835  he  was  elected  a  Foreign 
Member  of  the  Linntean  Society,  and  in  m7f>,  a  Foreign  Member  of 
the  Royal  Society. 
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